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I	 declare	 that	 Language	 and	 the	 opportunity	 to	 learn	 science	 in	 bilingual	 classrooms	 in	 the	










into	 a	much	more	 rigorous	 and	 coherent	 shape.	 I	 really	 appreciate	 their	 sharp	 intellects	 and	
probing	 questions,	 their	 unflagging	 enthusiasm	 and	 encouragement,	 their	 patience	 with	 my	




were	 all	 recommended	 by	 their	 subject	 advisors	 and	 peers	 and	 they	 proved	 to	 be	 people	 of	
great	 integrity	 and	 compassion.	 I	 deeply	 appreciate	 their	 willingness	 to	 open	 up	 their	
classrooms	 and	 practices,	 the	 time	 they	 gave	 up	 to	 answer	my	 questions	 and	 to	 be	 formally	
interviewed,	 and	 the	 frankness	 with	 which	 they	 discussed	 their	 teaching.	 	 They	 were	 all	
working	in	conditions	most	would	find	intolerable	and	I	salute	their	resolution	and	resilience.		
My	dear	friends	and	beloved	family	have	put	up	with	a	lot	of	absences,	absent-mindedness	and	









Lastly	 I	wish	 to	acknowledge	 the	many,	many	bright	and	beautiful	 children	who	populate	 the	





The	problem	that	prompted	 this	 research	was	 the	general	poor	performance	of	South	African	
learners	 in	 national	 and	 international	 science	 assessments,	 and	 in	 particular,	 the	 poor	
achievement	 levels	 of	 Grade	 8	 learners	 in	 successive	 TIMSS	 (Trends	 in	 International	
Mathematics	 and	 Science	 Study)	 science	 assessments.	 It	 was	 suggested	 in	 the	 TIMSS	 South	
Africa	 reports	 that	 the	 language	 of	 the	 tests,	 when	 different	 to	 learners’	 home	 language,	
contributed	to	their	poor	performance	in	the	assessments.	However	the	reports	also	noted	that	
language	factors	were	intertwined	with	other	factors	such	as	low	socio-economic	status.		
Large–scale	 quantitative	 studies	 such	 as	TIMSS	 can	 tell	 us	 the	 ‘what’	 in	 an	 education	 system;	
however	such	studies	are	not	able	to	tell	us	much	about	‘why’:	for	example	why	South	African	
learners	 have	 continued	 to	 perform	 so	 poorly	 in	 assessments	 such	 as	 TIMSS.	 The	 notion	 of	
‘opportunity	to	learn’	proposes	that	learners	cannot	be	held	accountable	for	their	performance	
in	such	assessments	 if	 they	have	not	been	provided	with	 the	opportunity	 to	 learn	the	content	
assessed.	 This	 small-scale	 qualitative	 research	 study	 therefore	 set	 out	 to	 drill	 down	 from	 the	
TIMSS	studies	to	investigate	the	opportunity	to	learn	science	in	classrooms	in	the	Eastern	Cape	
where	the	home	language	of	 learners	and	teachers	(isiXhosa)	was	different	 to	 the	 language	of	
assessment	(English).		
Opportunity	to	 learn	science	was	conceptualized	in	terms	of	the	science	content	of	 lesson	and	
the	 language	 used	 to	 construct	 that	 science	 knowledge.	 Classroom	 language	 was	 further	
disaggregated	 into	 the	 classroom	discourse	 interaction	patterns;	 and	 the	bilingual	 languaging	
practices	of	teachers	and	learners.	The	research	thus	drew	on	literature	and	research	from	the	






taped	 for	 each	 of	 eight	 classes;	 the	 teachers	were	 interviewed	 about	 their	 personal	 histories,	
attitudes	 towards	 teaching	 and	 learning	 science	 in	 the	 context	where	 learners	were	 learning	





from	 the	 data;	 some	 of	 these	were	 of	 necessity	 fairly	 long,	 so	 as	 to	 take	 account	 of	 both	 the	
content	and	 language	of	 the	 lessons	and	to	 trace	how	ideas	were	developed	over	 time,	within	
and	 across	 lessons,	 though	 language.	 	 The	 teacher	 interviews	 provided	 the	 contextual	 detail;	
and	 teachers’	 practices	 were	 probed	 using	 simulated	 recall	 based	 on	 video	 clips	 from	 their	
lessons.	
The	 fine-grained	 analysis	 of	 the	 science	 content	 of	 lessons	 allowed	 for	 the	 elaboration	 of	 a	
hierarchy	of	necessary	conditions	that	needed	to	be	in	place	for	the	opportunity	to	learn	science	
to	 be	 actualized;	 and	 a	 key	 condition	 was	 that	 the	 science	 content	 should	 be	 conceptually	
coherent,	with	 facts	 linked	 to	 generalized	principles	 and	 conceptual	 frameworks	 and	 that	 the	
generalized	 principles	 were	 supported	 by	 factual	 detail.	 It	 appeared	 that	 the	 classroom	
discourse	was	 important	 for	 engaging	 learners	 in	 this	 process	 of	moving	 from	description	 of	
observations,	to	explanation,	to	generalizing	and	concept	building.	In	addition	a	skilled	teacher	
was	 able	 to	 effect	 a	 bridging	 discourse	 that	 supported	 learners	 in	 moving	 from	 everyday	




learners	 to	 be	 afforded	 the	 opportunity	 to	 learn	 science.	 A	 further	 condition	 in	 the	 bilingual	





how	 in	 the	 practices	 of	 the	 other	 teachers,	 the	 opportunity	 to	 learn	 science	 broke	 down	 at	
















































































































CHAPTER	 SIX:	 CLASSROOM	 LANGUAGE:	 CONSTRUCTING	 SCIENCE	 KNOWLEDGE
	.........................................................................................................................................................	174	


















Summary	of	key	 findings	 in	relation	to	 the	bilingual	 language	use	and	opportunity	 to	
learn	science	in	the	observed	classrooms	...................................................................................	264	




























































































































an	 English	 teacher	 in	 a	 township	 secondary	 school	 in	 South	 Africa	 in	 the	 1990s	 and	 the	
realization	 that	 for	many	 learners,	 their	poor	proficiency	 in	English,	 the	 language	medium	for	





In	 this	 research	 I	 have	 attempted	 to	 probe	 the	 matter	 further,	 for	 a	 more	 nuanced	
understanding	of	the	issues	around	language	and	learning	and	to	search	for	possible	points	of	
1	‘Township	 and	 rural	 schools’	 in	 this	 study	 refers	 to	 schools	 that	 under	 apartheid	 were	 designated	 for	 African	
learners.	 Under	 apartheid,	 schools	 were	 segregated	 according	 to	 racial	 classifications	 and	 likewise	 situated	
geographically	 in	 areas	designated	 for	particular	 racial	 groupings.	Accordingly,	African	 learners	were	 restricted	 to	
schools	 in	 township	 areas	 (dormitory	 suburbs	 on	 the	 urban	 peripheries),	 which	 fell	 under	 the	 control	 of	 the	
Department	of	Education	and	Training;	and	schools	in	rural	‘homelands’	(geographic	areas	to	which	the	majority	of	
the	 African	 population	 were	 restricted	 politically,	 economically	 and	 spatially),	 which	 fell	 under	 the	 respective	
‘homeland’	governments.	Since	1994	all	schools	have	been	open	but	 township	and	rural	schools	remain	effectively	









drive	 economic	 growth	 and	 development	 (McCarthy	 and	 Bernstein,	 2011,	 p.	 8);	 and	 this	 is	
recognized	by	 the	 South	African	 government	 as	 a	 quotation	 from	a	 speech	by	 the	Minister	 of	
Science	 and	 Technology,	 Naledi	 Pandor,	 indicates:	 ‘Advances	 in	 the	 science,	 technology	 and	
innovation	sector	will	help	to	meet	the	triple	challenges	of	joblessness,	poverty	and	inequality’	
(Pandor,	2015).	
However,	 despite	 the	 obvious	 need	 for	 students	 qualified	 in	 science	 and	 mathematics,	 the	
majority	of	South	African	learners	have	performed	very	poorly	in	international	studies	such	as	
the	TIMSS	assessments	of	Grade	8	mathematics	and	science:	Third	 International	Mathematics	
and	 Science	 Study	 –	 Repeat	 (TIMSS-R)	 1998/99	 (Howie,	 2001);	 Trends	 in	 International	
Mathematics	 and	 Science	 Study	 (TIMSS)	 2003	 (Reddy,	 2006);	 and	 Trends	 in	 International	
Mathematics	 and	Science	Study	 (TIMSS)	2011	 (Reddy	et	 al.,	 n.d.).	 In	 these	assessments	South	
African	 learners	came	 last	out	of	38	and	50	countries	 respectively	 in	1998/99	and	2003;	and	
second	 last	 to	Ghana	 in	2011,	even	 though	 in	 that	year	South	African	 learners	participated	at	
Grade	 9	 level	 while	 Ghana	 participated	 at	 Grade	 8.	 This	 dismal	 picture	 is	 carried	 though	 to	
Grade	12	physical	science	and	as	Table	1	below	shows,	from	2011	to	2015	there	were	37%	or	
less	 learners	 writing	 Physical	 Science	 in	 the	 Grade	 12	 public	 examination	 (known	 locally	 as	






Matric	 learners	who	wrote	 and	passed	Physical	 Science	with	50%	or	more	2011-
2015	













Concerns	 about	 the	 poor	 performance	 of	 South	 African	 learners	 in	mathematics	 and	 science	
have	prompted	questions	as	to	the	causes	–	particularly	when	learners	in	poorer	countries	with	
lower	 levels	 of	 expenditure	 on	 education	 have	 achieved	 better	 results	 (Howie,	 2001).	 The	
question	that	naturally	follows	is	‘why?’	
One	 factor	 contributing	 to	poor	 results	 in	 science	 and	mathematics	 that	was	 identified	 in	 the	
TIMSS	South	Africa	reports	was	that	of	language:		
...	 the	majority	 of	 South	 African	 pupils	 cannot	 communicate	 their	 scientific	 conclusions	 in	 the	
languages	used	for	the	test	(i.e.	English	and	Afrikaans	which	were	the	medium	of	instruction	and	
are	the	languages	currently	used	for	matriculation	examinations).	In	particular,	pupils	who	study	
mathematics	 and	 science	 in	 their	 second	 language	 tend	 to	 have	 difficulty	 articulating	 their	







2006;	 Reddy	 et	 al.,	 n.d.):	 in	 TIMSS	 2011	 it	was	 found	 that	 learners	who	were	 tested	 in	 their	
home	language	scored	on	average	120	points	more	in	the	science	assessment	than	learners	who	
were	 not	 tested	 in	 their	 home	 language	 –	 this	 is	 equivalent	 to	 three	 grade	 levels	 (Prinsloo	&	
Rogers,	2013).	
What	 the	TIMSS	 reports	were	 referring	 to	was	 the	 language	medium	 (or	 language	of	 learning	
and	teaching	[LoLT]	as	it	is	referred	to	in	the	Language	in	Education	Policy,	[LiEP]	[Department	




opportunities	 for	 learners	 to	 acquire	 English	 language	 proficiency	 outside	 the	 classroom,	
particularly	in	rural	schools,	are	restricted	by	their	lack	of	exposure	to	both	spoken	and	written	
English.		












an	 investigation	 into	 teachers’	 use	 of	 the	 linguistic	 resources	 of	 the	 classroom	and	how	 their	
languaging	(Swain,	2006)2	practices	impact	on	the	opportunity	to	learn	science.  	
A	related	aspect	of	language	and	the	opportunity	to	learn	science,	that	is	less	widely	debated	in	
South	 Africa,	 is	 the	 nature	 of	 the	 classroom	discourse.	 The	 related	 literature	 draws	 on	 socio-
cultural	 perspectives,	 to	 examine	how	 language	 is	 used	by	 teachers	 to	 engage	 learners	 in	 co-
constructing	 knowledge	 in	 the	 classroom,	 and	 studies	 have	 identified	 discourse	 patterns	 that	
support	 learning	 (for	 example:	 Alexander,	 2001;	 Barnes,	 1976,	 1992;	 Gibbons,	 2006;	Mercer,	
1995;	 Wells,	 1999).	 In	 line	 with	 this,	 others	 have	 focused	 on	 how	 science	 knowledge	 is	
constructed	 through	 classroom	 talk	 and	 the	 extent	 to	 which	 this	 supports	 or	 constrains	 the	
opportunity	 to	 learn	 science	 (see	 Lemke,	 1990;	 Mortimer	 and	 Scott,	 2003;	 Sutton,	 1992,	
Wellington	and	Osborne,	2001).	
Since	 Carol	 Macdonald’s	 seminal	 research	 into	 language	 and	 learning	 in	 Grade	 4	 in	 African	
language	 classrooms	 in	 the	 late	 1980s	 (Macdonald,	 1990a),	 there	 have	 been	 several	 studies	
focusing	 on	 language	 practices	 in	 such	 contexts,	 focusing	 in	 particular	 on	 classroom	
codeswitching	patterns	(see	Adendorff,	1996;	Chick,	1996;	Probyn,	2006;	Setati,	Adler,	Reed	&	
Bapoo,	 2002)	 and	 the	 functions	 thereof	 –	 that	 resonate	 with	 similar	 studies	 in	 other	 post-
colonial	 contexts	 (for	 example	 Arthur,	 1996;	 Clegg	 &	 Afitska,	 2011;	 Ferguson,	 2003;	 Martin,	
1996;	Martin-Jones,	2000;	Merritt,	Cleghorn,	Abagi	&	Bunyi,	1992)	and	illustrate	the	dilemma-
filled	nature	of	such	practices.		However	there	does	not	seem	to	be	much	research	that	provides	








being	 Muller	 (1989))	 and	 how	 these	 engage	 teachers	 and	 learners	 in	 constructing	 content	
knowledge	–	or	not.		
My	 research	 interest	was	 to	 investigate	 the	opportunity	 to	 learn	 science	 in	 a	 small	 sample	of	
eight	Grade	8	classes,	where	teachers	and	learners	shared	a	common	home	language	that	was	
different	from	the	LoLT	(English).	In	particular	I	wanted	to	explore	the	relationship	between	the	
science	 content	 and	 the	 language	 of	 the	 lessons:	 the	 languaging	 practices	 of	 teachers	 and	







that	 ‘students	 can	 only	 be	 accountable	 for	 their	 academic	 performance	 to	 the	 extent	 that	 the	
community,	broadly	defined,	has	offered	them	the	tools	to	master	the	content	expected	of	them’	
(McDonnell,	 1995,	 p.	 312).	 In	 the	 light	 of	 this,	 and	 the	 poor	 performance	 of	 South	 African	
learners	in	the	TIMSS	assessments,	the	main	research	question	for	this	research	study	is:		
What	 is	 the	 nature	 of	 the	 science	 content	 and	 the	 classroom	 language	 practices	 that	 support	
learners’	opportunity	to	learn	science?	
The	 concept	 of	 OTL	 requires	 some	 unpacking	 and	 justification,	 particularly	 as	 it	 has	 been	
generally	 used	 in	 relation	 to	 large-scale	 quantitative	 research,	 rather	 than	 small-scale	
qualitative	studies	such	as	this	one.	According	to	McDonnell	(1995),	the	concept,	‘opportunity	to	
learn’	was	 initially	developed	in	the	1960s	in	relation	to	 large-scale	 international	assessments	





coverage,	 in	 order	 to	 ensure	 the	 reliability	 of	 the	 IEA	 assessments	 i.e.	 to	 establish	 whether	
learners	who	took	the	tests,	had	had	the	opportunity	to	learn	the	content	that	was	being	tested.			
In	the	IEA	studies,	curriculum	was	conceptualised	as	 functioning	at	 three	 levels:	 the	 ‘intended	
curriculum’	 –	 as	 expressed	 in	 official	 curriculum	 plans;	 the	 ‘enacted	 curriculum’	 –	 what	
happened	 in	 classrooms;	 and	 the	 ‘attained	 curriculum’	 –	 what	 learners	 achieved	 on	
standardized	 tests	 (Howie,	 2001;	 McDonnell,	 1995).	 So	 the	 concept	 of	 ‘opportunity	 to	 learn’	
related	directly	to	the	‘enacted	curriculum’	–	what	happened	in	classrooms.		
In	the	1980s,	the	concept	of	OTL	was	expanded	beyond	that	of	simply	curriculum	coverage,	to	
include	 schooling	 and	 classroom	 processes	more	 generally,	 in	 order	 to	 develop	 indicators	 of	
practices,	 including	 instructional	 strategies,	 that	 were	 associated	 with	 higher	 student	
achievement	 levels,	 (McDonnell,	 1995).	 In	 addition,	 the	 concept	 of	 OTL	 was	 linked	 with	
concerns	with	 equality	 of	 educational	 provision	 in	 the	 face	 of	 persistent	 gaps	 in	 achievement	
between	 students	 from	 different	 socio-economic	 backgrounds	 (see	 Gee,	 2003;	 McDonnell,	
1995).	
Given	 the	 limits	 in	 classroom	 based	 research	 of	 establishing	 a	 direct	 causal	 link	 between	
teaching	and	learning,	and	the	wide	range	of	intervening	factors	that	might	influence	the	uptake	
by	 learners	 of	 teaching	 input,	 it	 seems	 useful	 to	 delink	 the	 processes	 for	 the	 purposes	 of	
observation	and	analysis,	and	consider	what	teaching	content	and	practices	might	offer	learners	
a	 fair	opportunity	 to	 learn	particular	 lesson	 content,	without	 necessarily	making	 assumptions	
about	what	actually	was	learned.		
Various	 studies	 have	 defined	 OTL	 indicators	 slightly	 differently	 and	 accordingly	 collected	
different	kinds	of	data:	for	example	the	TIMSS	studies	collected	data	about	curriculum	coverage,	




of	 learner,	 teacher	 and	principal	 questionnaires	 (McDonnell,	 1995;	Howie,	 2001);	Gee	 (2003)	
used	the	concept	OTL	to	 identify	six	principles	necessary	to	provide	 for	equal	opportunity	 for	
literacy	 learning.	 In	South	Africa,	Reeves	and	McAuliffe	(2012)	examined	curricular	coherence	
as	 a	 dimension	 of	 OTL	 in	 Grade	 6	 mathematics	 classrooms	 in	 schools	 serving	 low	 income	
communities,	 by	 examining	 the	 sequencing	 of	 topics	 in	 the	 written	 work	 in	 learners’	
mathematics	 notebooks;	 Carnoy,	 Chisholm	 and	 Chilisa	 (2012)	 defined	 two	 types	 of	 OTL:	
curriculum	 coverage	which	was	 inferred	 from	 students’	 notebooks;	 and	 aspects	 of	 the	 school	
context	(violence,	teacher	absenteeism)	–	evidence	of	which	was	obtained	from	questionnaires	
for	 school	 principals,	 teachers	 and	 students	 (p.	 36).	 Taylor,	 van	 der	 Berg	 and	 Mabogoane	
(2013),	 also	 in	 South	 Africa,	 expanded	 the	 notion	 of	 OTL	 to	 include	 two	 main	 components:	
teacher	 knowledge	 (indicator:	 subject	 knowledge)	 and	 teacher	 competence	 (indicators:	
curriculum	coverage,	 frequency	of	 reading,	quantity	and	quality	of	writing	and	 frequency	and	
nature	 of	 assessment).	 In	 Taylor	 et	 al.’s	 large-scale	 study	 it	was	 considered	 too	 expensive	 to	






One	of	 the	constraints	of	 the	above	studies	 is	 that	 their	 large-scale	nature	has	ruled	out	more	
detailed,	 fine-grained	 studies	 of	 classroom	 interactions.	 McDonnell	 (1995	 p.	 310)	 makes	 the	
point	that	some	aspects	of	OTL	can	only	be	identified	through	direct	observation:	‘These	include	
discourse	 practices	 that	 evidence	 the	 extent	 of	 student	 participation	 and	 their	 role	 in	 the	




topics	 within	 a	 given	 lesson	 and	 the	 coherence	 of	 teachers’	 presentations’	 (own	 emphasis).	
These	are	aspects	that	are	given	attention	in	this	research	study.		
The	 TIMSS	 1999	 Video	 Studies	 of	 mathematics	 teaching	 (Hiebert	 et	 al.,	 2003)	 and	 science	
teaching	(Roth	et	al.,	2006)	across	seven	and	five	countries	respectively,	attempted	to	combine	
quantitative	 breadth	 and	 qualitative	 depth	 by	 using	 videotapes	 of	 lessons	 to	 do	 more	 fine-
grained	analyses	of	classroom	interactions.	The	TIMSS	1999	Video	Study	for	science	set	out	to	
answer	the	main	research	question:	‘What	opportunities	did	the	lesson	provide	for	students	to	
learn	science?’	 (Roth	et	al.,	2006,	p.	5)	and	a	very	detailed	 range	of	 criteria	was	developed	 to	
analyse	 lessons,	 from	the	perspectives	of	 teacher	actions,	science	content	and	student	actions.	




However,	 it	 seems	 that	 small-scale	 fine-grained	 studies	 of	OTL	 such	 as	 this	 one,	 can	 serve	 to	
explore	and	 identify	 indicators	of	OTL	that	could	at	a	 later	stage	be	taken	to	scale;	or	provide	
more	in	depth	analyses	to	elaborate	and/or	explain	findings	regarding	the	attained	curriculum	
from	 large	 scale	 studies.	 	 Thus	 it	 is	 intended	 that	 this	 small-scale	 qualitative	 study	 of	 the	
opportunity	to	learn	science	in	eight	Grade	8	classrooms,	should	inform	understandings	of	the	














The	 linguistic	 context	 of	 the	 eastern	 districts	 of	 the	 Eastern	 Cape,	 that	 are	 comprised	 of	 the	
former	homelands	of	Ciskei	and	Transkei,	is	that	the	majority	of	teachers	and	learners	share	a	
common	 home	 language,	 isiXhosa,	 while	 the	 official	 language	 of	 learning,	 teaching	 and	











Education	 in	 the	 Eastern	 Cape	 has	 been	 bedeviled	 by	 political	 infighting,	 corruption	 and	
mismanagement,	 and	 so	 the	 fruits	 of	 political	 liberation	have	not	been	 felt	 in	many	 township	
and	 rural	 schools,	which	 remain	with	poor	 infrastructure	and	 limited	 resources.	According	 to	
the	 South	 African	 Survey	 2012	 of	 the	 Institute	 of	 Race	 Relations	 (Kane-Berman	 &	 Holborn,	
2012),	in	2011,	of	the	5	676	schools	in	the	Eastern	Cape,	10%	had	no	toilets	and	only	17%	had	
flush	toilets;	19%	of	schools	had	no	water	and	20%	had	no	electricity;	only	3%	of	schools	had	
stocked	 libraries	 and	 2%	 had	 stocked	 laboratories.	 In	 2013	 there	 were	 still	 over	 400	 mud	









the	 difficulties	 outlined.	 Nevertheless,	 there	 were	 good	 reasons	 for	 this	 choice:	 these	 were	
partly	 pragmatic	 as	 I	 was	 based	 in	 the	 Eastern	 Cape	 Province	 and	 involved	 in	 an	 in-service	
development	programme	for	language	teachers	in	three	districts:	two	rural	and	one	urban	and	
peri-urban.	This	meant	 I	was	able	 to	combine	data	collection	and	school	support	visits	 in	one	
trip	 and	 reduce	 fieldwork	 costs	 and	 time	 commitments.	 In	 addition,	 from	 a	 research	
perspective,	 the	 network	 of	 contacts	 already	 established	 with	 district	 officials,	 teachers	 and	
																																								 																					





school	principals	 in	 these	districts,	 assisted	greatly	with	practical	matters	 such	as	negotiating	
access,	finding	the	physical	 locality	of	schools	-	an	important	factor	in	rural	areas	where	maps	
and	 road	 signs	 are	 practically	 non-existent.	 This	 afforded	 me	 the	 opportunity	 to	 investigate	
teaching	practices	in	fairly	remote	rural	schools	that	are	normally	inaccessible	and	where	little	
in-depth	 classroom-based	 research	 has	 been	 done;	 and	 to	 find	 out	 what	 competent	 science	
teachers	are	able	to	achieve	in	the	most	challenging	of	material	and	linguistic	circumstances.		
Research	goals	
The	 research	 goals	were	 to	 investigate	 the	 'opportunity	 to	 learn	 science'	 in	 a	 sample	of	 eight	
Grade	 8	 science	 classrooms,	 where	 the	 home	 language	 of	 both	 teachers	 and	 learners	 was	
isiXhosa	and	the	 language	medium	was	English.	 In	order	to	do	this,	 the	science	content	of	 the	
lessons	was	analysed	for	types	of	science	knowledge;	the	sources	of	the	science	content;	and	the	
accuracy,	 density	 and	 coherence	 of	 the	 presented	 content.	 The	 language	 of	 the	 lessons	 was	
analysed	in	terms	of	the	discourse	patterns	and	the	bilingual	language	practices	of	teachers	and	




was	 different	 to	 the	 official	 language	 of	 learning	 and	 teaching,	 English.	 This	 is	 the	 linguistic	
pattern	 for	 the	 majority	 of	 learners	 in	 rural	 and	 township	 schools	 outside	 the	 main	
metropolitan	areas.	
While	 there	 is	 a	 growing	 recognition	 of	 the	 important	 role	 of	 language	 in	 the	 teaching	 and	
learning	 of	 science,	 there	 is	 sometimes	 an	 assumption	 that	 simply	 changing	 the	 language	






frameworks;	 that	 is	 contingently	 responsive	 to	 students’	 contributions	 to	 the	 construction	 of	
meaning;	that	provides	a	bridge	between	everyday	language	and	academic	language;	and	enacts	
a	 systematically	 structured	 and	 visible	 curriculum	 that	 encodes	 learners	 as	 thinkers	 and	
problem	solvers.		
Thus	 one	 hopes	 that	 the	 research	 might	 reveal	 some	 points	 of	 leverage	 in	 the	 enacted	







• What	 was	 the	 nature	 of	 the	 science	 content	 knowledge	 that	 was	 developed	 in	 the	
observed	lessons?	
o What	 types	 of	 science	 content	 knowledge	 were	 presented	 in	 the	 observed	
lessons?	
o What	 were	 the	 sources	 of	 the	 science	 content	 knowledge	 in	 the	 observed	
lessons?	
o How	 accurate	 was	 the	 science	 content	 knowledge	 that	 was	 presented	 in	 the	
observed	lessons?	
o How	much	science	content	knowledge	was	there	in	the	observed	lessons?	











between	 everyday	 knowledge	 and	 language	 and	 science	 knowledge	 and	




o How	 did	 teachers	 and	 learners	 utilize	 the	 available	 linguistic	 resources	 of	
isiXhosa	and	English	to	access	and	develop	science	knowledge?	
Overview	of	thesis	
Chapter	One	provides	an	outline	of	 the	research	problem;	a	discussion	and	 justification	of	 the	
use	 of	 the	 framing	 concept	 of	 ‘opportunity	 to	 learn’;	 a	 description	 of	 the	 research	 context;	 a	
statement	of	the	research	goals	and	questions;	and	a	brief	overview	of	the	thesis.	
Chapter	 Two	 provides	 a	 conceptual	 framework	 for	 this	 study	 in	 terms	 of	 outlining	 the	
theoretical	 framework	 for	 this	 study	 and	 reviewing	 empirical	 studies	 relating	 to	 the	 topic	 of	
language	and	science	learning.	
Chapter	Three	describes	and	justifies	the	research	methodology:	the	broad	research	approach,	
the	 use	 of	 a	 multiple	 cases	 study,	 data	 collection	 methods	 and	 data	 analysis	 criteria	 and	









Chapter	 Six	 presents	 the	 findings	 in	 terms	 of	 the	 classrooms	 discourse	 that	 was	 utilised	 to	
construct	the	science	content	of	lessons.	















conceptual	 development.	 So	 language	 is	 considered	 to	 be	 more	 than	 a	 simple	 conduit	 of	
information	but	is	the	means	for	both	engaging	in	learning,	and	constructing	knowledge	within	
particular	 socio-cultural-historical	 contexts.	 In	 line	 with	 this	 broad	 orientation,	 this	 research	






concept	 has	 been	 redefined	 in	 different	 ways,	 using	 different	 kinds	 of	 evidence;	 and	 a	
justification	for	its	use	in	this	research.	For	the	purpose	of	this	study,	‘opportunity	to	learn’	has	
been	conceptualised	in	terms	of	the	nature	of	the	science	content	knowledge	of	lessons	and	the	
language	 used	 to	 construct	 that	 science	 content	 knowledge.	 The	 analysis	 of	 the	 classroom	
language	has	in	turn	been	framed	from	two	perspectives:	that	of	the	classroom	discourse	-	the	











and	explain	 the	natural	and	physical	world,	and	develop	conceptual	 frameworks	and	 theories	
with	integrative	explanatory	power,	in	a	'hierarchical	knowledge	structure'	(Bernstein,	2000	in	
O’Halloran	2007)	so	that	all	observable	phenomena	can	be	explained.	The	scientific	process	 is	




ways	 of	 thinking	 and	 seeing:	 for	 example	 that	 salt	 has	 dissolved	 in	 water	 rather	 than	 it	 has	
disappeared	 (Sutton,	 1992,	 p.	 41).	 	 In	 terms	 of	 constructivist	 views,	 learners’	 existing	
commonsense	 schemata	 or	 conceptual	 frameworks	 accounting	 for	 the	 natural	 and	 physical	
world	need	to	change	to	accommodate	alternative	uncommonsense	scientific	explanations	and	
conceptual	frameworks.		
Learning	 science	also	 requires	a	 range	of	 cognitive	 skills,	 identified	by	Lemke	 (1990,	p.	 ix)	 as	
‘observing,	 describing,	 comparing,	 classifying,	 analyzing,	 discussing,	 hypothesizing,	 theorizing,	
questioning,	 challenging,	 arguing,	 designing	 experiments,	 following	 procedures,	 judging,	
evaluating,	 deciding,	 concluding,	 generalizing,	 reporting,	 writing.’	 According	 to	 socio-cultural	








Martin,	 1993;	 Lemke,	 1990;	Martin,	 1990;	Mortimer	&	 Scott,	 2003;	 Ogborn,	 Kress,	Martins	&	
McGillicuddy,	 1996;	 Sutton,	 1992;	Wellington	&	 Osborne,	 2001),	which	 is	 distinguished	 from	
everyday	 language	by	new	technical	 terms	such	as	photosynthesis,	molecule,	carbon	dioxide,	 as	
well	 as	 technical	 scientific	 meanings	 attached	 to	 everyday	 terms,	 for	 example	 table,	 current,	
force,	 cell	 -	 in	 fact	 it	 is	 the	 latter	 which	 learners	 tend	 to	 find	 more	 challenging	 (Cassels	 &	
Johnstone,	1985,	 cited	 in	Wellington	&	Osborne,	2001,	p.	11).	However	 it	 is	 concept	words	 in	
science	 such	 as	work,	energy,	pressure,	 food	web	 that	 pose	 the	 greatest	 learning	 challenges	 as	
their	meaning	 is	at	a	higher	 level	of	abstraction,	and	dependent	on	a	prior	understanding	of	a	
network	 of	 other	words,	 all	 related	 in	 a	 vertical	 knowledge	 structure;	 so	without	 these	 prior	
understandings,	the	structure	of	the	concept	will	collapse	(Wellington	&	Osborne,	2001,	p.	21).	
So	 for	 example,	 the	 concept	 of	 a	 ‘food	 web’	 is	 dependent	 on	 understanding	 the	 meaning	 of	
categories	 such	 as	 plants,	 herbivores,	 carnivores,	 omnivores;	 how	 these	 categories	 are	 linked	
hierarchically	 in	 ‘food	 chains’;	 and	 how	 food	 chains	 combine	 to	 form	 food	 webs.	 If	 the	





The	 discourse	 of	 science	 also	 has	 particular	 grammatical	 features	 which	 are	 shared	 with	
academic	 writing	 in	 general,	 but	 are	 particularly	 evident	 in	 science	 texts	 and	 these	 include	
lexical	density	 through	nominalization	–	where	verbs	or	processes	are	 turned	 into	nouns	 (for	







as	 explanations,	 procedures,	 recounts,	 reports,	 arguments,	 discussions,	 all	 of	 which	 have	
particular	structures	and	grammatical	features.		





Thus	 science	 content	 and	 language	 are	 closely	 intertwined	 in	 the	process	of	 learning	 science,	
both	 from	 the	 perspective	 of	 socio-cultural	 theories	 of	 language	 and	 learning;	 and	 from	 the	







al,	 2006)	 as	 concerned	with	 three	 inter-related	 aspects:	 learning	 facts	 about	 the	 natural	 and	
physical	 world	 and	 how	 it	 is	 constructed,	 and	 how	 these	 facts	 are	 linked	 into	 conceptual	
frameworks;	 that	 science	 knowledge	 is	 enquiry	 based	 and	 subject	 to	 a	 process	 of	 validation	
against	 empirical	 evidence;	 and	 the	 application	 of	 science	 knowledge	 to	 problem	 solving	 in	






The	 learner	 will	 be	 able	 to	 act	 confidently	 on	 curiosity	 about	 natural	 phenomena,	 and	 to	
investigate	 relationships	 and	 solve	 problems	 in	 scientific,	 technological	 and	 environmental	
contexts.	
Learning	Outcome	2:	Constructing	Science	Knowledge	
The	 learner	 will	 know	 and	 be	 able	 to	 interpret	 and	 apply	 scientific,	 technological	 and	
environmental	knowledge.	
Learning	Outcome	3:	Science,	Society	and	the	Environment	
The	 learner	 will	 be	 able	 to	 demonstrate	 an	 understanding	 of	 the	 interrelationships	 between	
science	and	technology,	society	and	the	environment.	
The	above	Learning	Outcomes	have	been	replaced	with	 ‘Specific	Aims’	 in	 the	 latest	version	of	
the	curriculum	(Department	of	Basic	Education,	RSA,	2011),	but	these	remain	very	similar:	
Specific	Aim	1:	‘Doing	Science’	











• procedural	and	experimental	knowledge,	described	as	 	 ‘how	to	do	science-related	practices	
such	as	manipulating	materials,	and	performing	experimental	processes’;	and		












that	 in	 some	 classrooms	 learners	 were	 very	 busy	 doing	 practical	 activities	 but	 that	 these	
appeared	 to	 be	 ends	 in	 themselves,	 rather	 than	 the	 basis	 for	 developing	 science	 knowledge	
(Roth	et	al,	2006,	p.	61);	and	in	a	similar	vein,	Blank	(2000,	cited	in	Yore	&	Treagust,	2006,	p.	
294)	was	 critical	 of	 	 ‘activitymania’	where	 teachers	 and	 learners	 equated	 learning	 of	 science	
with	 simply	 ‘doing’.	 	 In	 relation	 to	 South	 African	 classrooms,	 Fleisch	 (2008)	 referred	 to	
Schollar’s	 (2004,	 cited	 in	 Fleisch,	 2008)	 observations	 of	many	 lessons	where	 there	was	 little	
content	and	‘pure	social	and/or	physical	activity	…	(was)	valued	for	its	own	sake’;	this	Schollar	
suggested	 was	 a	 result	 of	 a	 misinterpretation	 of	 the	 new	 teaching	 methods	 introduced	 with	
curriculum.		
The	point	is,	that	science	lessons	might	keep	learners	busy	doing	practical	activities,	but	it	does	
not	necessarily	 follow	 that	 they	provide	 learners	with	 the	opportunity	 to	 learn	 science.	 So	an	
analysis	of	opportunity	to	learn	science	would	need	to	investigate	to	what	extent	learners	were	




learners	 to	 discuss	 scientific	 ideas	 and	 read	 science	 and	 write	 science	 texts;	 this	 much	 is	
increasingly	argued	in	the	literature,	both	internationally	(see	for	example	Gibbons,	2006;	Hand	

















lessons	-	a	 factor	 that	would	quite	obviously	 impact	on	 learners’	opportunity	 to	 learn	science.	
While	 the	 accuracy	 of	 teachers’	 science	 content	 knowledge	 might	 be	 a	 taken	 for	 granted	
assumption	 in	 developed	 countries	 such	 as	 those	 that	 participated	 in	 the	 TIMSS	 video	 study	
(and	presumably	the	reason	it	was	not	included	as	a	factor	in	the	TIMSS	video	study	analysis	of	
opportunity	to	learn),	this	cannot	necessarily	be	taken	for	granted	in	developing	countries	such	












education	 programmes	 (Department	 of	Higher	 Education	 and	 Training,	 RSA,	 2011,	 p.	 6).	 The	
negative	effects	of	the	poor	subject	knowledge	of	many	teachers	are	compounded	by	the	under-










ideas	 in	 order	 to	 dislodge	 their	 common	 sense	 understandings	 and	 that	 this	 takes	 time.	














event,	measurement	 of	 the	 density	 of	 lesson	 content	 in	 individual	 lessons	 on	 different	 topics	
might	not	be	the	basis	for	valid	comparisons	and	evaluations	of	opportunity	to	learn,	given	the	
obvious	 differences	 in	 complexity,	 abstraction,	 cognitive	 challenge	 and	 so	 on	 –	 the	 ‘learning	
demand’	(Mortimer	&	Scott,	2003,	p.	108)	-	between	different	science	topics.		
South	 African	 research	 has	 indicated	 that	 in	many	 township	 and	 rural	 schools,	 the	 pacing	 of	
lesson	content	by	 teachers	 is	slow	(Chisholm	et	al,	2005;	Reeves,	2000),	matching	 the	pace	of	
the	slowest	learner	(Hoadley,	2003).		The	fact	that	learners	in	these	schools	are	learning	though	
the	 medium	 of	 a	 second	 language	 also	 contributes	 to	 slow	 lesson	 pacing;	 in	 fact	 Short	 and	
Fitzsimmons	 (2007)	 in	 referring	 to	 second	 language	 learners	 of	 English	 in	 the	 US,	make	 the	
point	 that	 these	 learners	must	 perform	 ‘double	 the	work’	 of	 students	 learning	 through	 their	
home	language,	as	they	are	learning	language	while	at	the	same	time	learning	the	content,	and	
yet	 they	 are	 judged	 on	 the	 same	 assessment	 standards	 English	 speakers	 as	 home	 language	
speakers	 of	 English	 (p.	 1);	 Gibbons	 makes	 much	 the	 same	 point	 in	 the	 context	 of	 Australia	
(Gibbons,	2006,	p.	106).	
So	 in	 South	 Africa,	 slow	 lesson	 pacing,	 combined	 with	 poor	 time	 on	 task	 has	 meant	 that	
frequently	 the	curriculum	is	not	completed	 in	any	one	year	and	cumulative	backlogs	have	 left	
learners	 with	 serious	 gaps	 in	 their	 knowledge	 (Chisholm	 et	 al,	 2005;	 Reeves,	 2000).	 The	
question	 remains	 as	 to	 how	 the	 density	 of	 ideas	 in	 science	 lessons	 might	 impact	 on	 the	
opportunity	to	learn	science.	It	seems	that	it	is	hard	to	determine	what	is	‘just	right’.	A	count	of	
ideas	per	 lessons	 is	a	 fairly	 crude	measure,	but	does	give	some	sense	of	 the	density	of	 lesson	










conceptual	 frameworks;	 and	 that	 conceptual	 frameworks	 themselves	 should	be	 supported	by	
rich	factual	detail	(Donovan	&	Bransford,	2005).		
Shalem	and	Slonimsky	 (2010)	writing	 in	 the	 context	 of	 South	Africa,	 come	 to	much	 the	 same	
conclusion.	 They	 have	 drawn	 on	 Vygotsky’s	 work	 on	 concept	 development	 and	 Bernstein’s	
work	 on	 knowledge	 structures,	 to	 argue	 that	 generalization	 and	 hierarchy	 are	 central	 in	
knowledge	 acquisition	 and	 therefore	 need	 to	 be	 explicitly	 taught:	 according	 to	 Vygotsky,	
‘concepts	 generalise	 phenomena;	 they	 extend	 them	 in	 time	 and	 space’	 and	 ‘in	 theoretical	
thinking,	 the	 relations	 between	 concepts	 form	 a	 vertical	 order,	 whereby	 the	 more	 general	
concept	frames	the	relations	between	the	subordinate	concepts’	(Shalem	&	Slonimsky,	p.	757)	
This	relates	to	Bernstein’s	classification	of	knowledge	structures,	with	‘disciplines	in	the	natural	
sciences	 achieving	 high	 levels	 of	 integration	 of	 propositional	 knowledge	…	 [in]	 a	 hierarchical	
knowledge	structure’	(p.	757).	Consequently	pedagogy	that	is	necessary	to	move	learners	from	









The	 question	 of	 coherence	 in	 science	 and	 mathematics	 education	 has	 also	 been	 defined	
somewhat	 differently	 at	 different	 levels	 in	 the	 curriculum	 in	 various	 research	 studies:	 at	 the	
level	of	 the	 intended	curriculum,	Schmidt,	Wang	and	McKnight	 (2005)	 investigated	curricular	
coherence	 in	 mathematics	 and	 science	 in	 the	 USA	 as	 compared	 to	 other	 high-achieving	
countries,	 in	 terms	 of	 the	 introduction	 and	 sequencing	 of	 topics.	 In	 South	 Africa,	 Reeves	 and	
McAuliffe	 (2012)	 and	 Stols	 (2013)	 investigated	 curricular	 coherence	 in	 the	 implemented	
curriculum,	 as	 an	 aspect	 of	 opportunity	 to	 learn	 mathematics:	 curricular	 coherence	 was	
measured	in	terms	of	the	sequencing	of	mathematics	topics	and	sub-topics	by	teachers	over	the	
course	 of	 one	 year,	 on	 the	 basis	 of	 evidence	 in	 learners’	 work	 books.	 So	 these	 definitions	 of	
coherence	are	on	a	different	scale	to	that	of	this	study,	which	in	line	with	the	TIMSS	Video	Study,	
investigated	 coherence	 in	 the	 implemented	 curriculum	 at	 the	 level	 of	 lesson	 content.	 Naidoo	
and	Green	(2011)	and	Venkat	and	Naidoo	(2013)	analysed	science	and	mathematics	classroom	
discourse	 respectively,	 for	evidence	of	grammatical	 coherence	 in	 terms	of	 systemic	 functional	
linguistics.	 So	while	 these	 research	 studies	were	 also	 on	 the	 scale	 of	 single	 lessons,	 the	 focus	





been	 taken	 up	 in	 South	 African	 research	 (for	 example	 see	 Msimanga	 &	 Lelliott,	 2012).	 The	
literature	 in	 this	 area	 has	 tended	 to	 focus	 on	 discursive	moves	 in	 arguments	 such	 as	 claims,	
grounds,	 warrants	 and	 backings	 (Newton	 et	 al,	 1999)	 and	 generally	 has	 not	 made	 specific	
reference	to	developing	coherence	in	the	science	content	of	lessons.		





In	 line	 with	 this,	 Wellington	 and	 Osborne	 (2001,	 p.	 83)	 emphasised	 the	 importance	 of	
discussion	 in	 science	 lessons,	 in	 order	 to	 ‘[link]	 evidence	 and	 empirical	 data	 to	 ideas	 and	
theories’;	and	Scott,	Mortimer	and	Ametller	(2011)	pointed	to	the	importance	of	 learning	how	
‘scientific	 concepts	 themselves	 fit	 together	 in	 an	 interlinking	 system’	 as	 an	 aspect	 of	
‘pedagogical	link-making’	(p.	8).		
Thus	in	considering	the	opportunity	to	learn	science	from	the	perspective	of	the	science	content	
of	 lessons,	 it	 seems	 important	 to	 examine	 to	 what	 extent	 the	 knowledge	 presented	 in	 the	
observed	 science	 lessons	 is	 clearly,	 systematically	 and	 cumulatively	 linked	 to	 generalisable	
principles	and	structured	into	conceptual	 frameworks;	whether	 learners	are	 inducted	into	the	







been	 discussed,	 to	 arrive	 at	 a	 conclusion	 as	 to	 whether	 the	 science	 content	 in	 the	 lessons	




This	 research	 study	 set	 out	 to	 understand	 how	 science	 knowledge	 was	 constructed	 through	
language	 in	 the	 observed	 classrooms,	 and	 which	 language	 practices	 seemed	 to	 support	













example	Adendorff,	 1996;	 Baker,	 2001,	 2011;	 Blackledge	&	 Creese,	 2010;	 Canagarajah,	 2011;	
Chick,	 1996;	 Cummins,	 2000;	 Ferguson,	 2003;	 Garcia,	 2009;	 Heugh,	 2002,	 2011;	 Hornberger,	
1989;	 Macdonald,	 1990a,	 1990b;	 Lin	 &	 Martin,	 2005;	 Makalela,	 2015;	 McKinney,	 2017;	
Rubagumya,	 1994;	 Setati,	 Adler,	 Reed	 &	 Bapoo,	 	 2002)	 much	 of	 which	 argues	 in	 favour	 of	
children	learning	though	their	home	language	or	mother	tongue	–	against	predominant	political	
forces	and	opinions	–	both	in	the	north	where	societal	multilingualism	frequently	results	from	
immigration	 and	 speakers	 of	 languages	 other	 than	 the	 dominant	 social	 languages	 are	 often	
minority	 groups;	 and	 in	 the	 south	 in	 post-colonial	 contexts,	where	 the	 speakers	 of	 languages	
other	 than	 the	 dominant	 societal	 and	 educational	 languages	 are	 in	 fact	 numerically	 in	 the	









and	practices,	which	 in	 turn	have	 their	 roots	 in	history,	political	 contestation,	 social	practices	
and	economic	realities.	South	Africa	is	no	different	in	this	respect.		
In	South	Africa,	 languages	have	been	 linked	to	historic	political	contestations	and	so	 language	
policies	 have	 reflected	 shifting	 power	 relations.	 Today,	 English	 is	 the	 home	 language	 of	 only	
9,6%		of	the	population	(Statistics	South	Africa,	2012)	(see	Figure	2.1.)	and	yet,	it	is	the	language	
which	 dominates	 the	 political	 economy	 –	 despite	 the	 provisions	 of	 the	 South	 African	
Constitution	of	1996		(Republic	of	South	Africa,	1996)	that	conferred	official	language	status	on	
nine	 indigenous	African	 languages,	 in	 addition	 to	 the	 former	official	 languages	of	English	 and	
Afrikaans.	
	
Figure	 2.1.	 Home	 languages	 of	 South	 African	 population,	 Census	 2011	 (Statistics	 South	
Africa,	2012)	
	
As	 the	map	 in	 Figure	 2.2.	 shows,	 the	 geographic	 distribution	 of	 languages	 today	 also	 retains	
much	of	 the	 imprint	of	 apartheid	policies	which	 restricted	 the	movement	of	African	 language	
speakers	 –	 apart	 from	 those	 whose	 labour	 was	 required	 in	 the	 cities	 -	 to	 racially	 and	
linguistically	defined	homelands	in	rural	areas.	As	a	result,	in	rural	and	township	areas	such	as	




relatively	monolingual	 (Dempster	&	Reddy,	2007;	Heugh,	2002),	 and	 learners	have	very	 little	







of	 current	 language	 in	 education	 policies	 and	 perceptions	 in	 South	 Africa,	 which	 carry	 the	
imprint	of	both	colonial	and	apartheid	histories	and	political	struggles	(see	also	Probyn,	2005).		











medium	 instruction	were	scrapped;	and	 thereafter	 the	switch	 from	home	 language	 to	English	
medium	was	set	at	the	beginning	of	year	five	(Standard	3).		
However	Macdonald’s	 (1990a)	 seminal	 research	 showed	 that	 learners	 in	 Standard	 3	 did	 not	
have	the	requisite	English	language	skills	in	order	to	cope	with	learning	though	the	medium	of	
English:	 for	 example,	 by	 the	 end	 of	 Standard	 2,	 after	 learning	 English	 as	 a	 subject	 for	 three	
years,	 learners	 could	 at	 best	 be	 expected	 to	have	 an	English	 vocabulary	of	 800	words;	 but	 in	
Standard	3	they	would	need	a	core	vocabulary	of	about	5	000	words	to	cope	with	learning	all	
their	 subjects	 though	 the	 medium	 of	 English	 (Macdonald	 and	 Burroughs,	 1991,	 p.	 15).	 This	
proficiency	 gap	 meant	 that	 the	 language	 medium	 became	 an	 obstacle	 to	 learning,	 one	 that	
Macdonald	 likened	 to	 ‘swimming	 up	 the	waterfall’	 (Macdonald,	 1990b).	 The	 effect	 of	 this	 on	
teaching	and	learning	was	that	teachers	resorted	to	translating	lesson	content	into	the	learners’	





simple	English.	 Then	 after	 finish	writing	notes,	 they	would	 explain	 those	notes	 so	 that	we	 can	
read	the	notes	from	our	notebook,	so	that	we	understand	it.	






















teaching	(LoLT);	 it	advocated	an	 ‘additive	approach’	 to	multilingualism	 in	order	 that	 learners’	
home	 languages	 should	 be	 strongly	 maintained,	 preferably	 as	 the	 language	 of	 learning	 and	
teaching;	and	it	suggested	that	this	would	be	the	policy	most	supportive	of	‘general	conceptual	
growth	amongst	learners’.	
The	 theoretical	 arguments	 in	 support	 of	 this	 position	 were	 drawn	 from	 the	 field	 of	
psycholinguistics	–	most	notably	 in	 the	work	of	 Jim	Cummins	dating	 from	the	mid-1970s	(see	
Cummins,	 2000)	who	 claimed	 that	 successful	 second/additional	 language	 learning	 should	 be	
based	on	strong	proficiency	 in	the	 learner’s	home	language.	Cummins	argued	that	 learning	an	
additional	 language	is	different	to	learning	a	first	 language	as	generic	 language	skills	-	such	as	





likely	 to	 be	 encoded	 in	 their	 home	 language.	 So	 a	 sound	 grounding	 of	 both	 concepts	 and	
linguistic	 skills	 could	 be	 transferred	 from	 the	 learners’	 home	 language	 to	 the	 additional	
language;	and	learning	in	the	home	language	would	benefit	the	development	of	understanding	
and	language	skills	in	the	additional	language.	
These	 ideas	 were	 supported	 by	 research	 evidence	 from	 Africa	 and	 the	 USA:	 in	 the	 ‘Six-year	
Primary	Project’	in	Nigeria	(Bamgbose,	1991)	where	the	use	of	the	learners’	Home	Language	as	




In	 the	 USA,	 large-scale,	 longitudinal	 research	 by	 Thomas	 and	 Collier	 (2002)	 investigated	 the	
effects	of	different	models	of	bilingual	education	on	content	and	language	learning.		They	found	
that	the	bilingual	programmes	that	resulted	 in	greatest	 learning	achievement	 in	terms	of	both	














they	achieved	higher	levels	of	proficiency	in	English	 as	well	as	 in	 their	content	subjects;	and	 in	
the	 South	 African	 example,	 even	 learners	 who	 had	 been	 in	 the	 early	 exit	 transitional	




However	 in	 South	Africa,	 the	 concept	 of	 additive	 bilingualism	has	 not	 really	 been	debated	 or	
well	understood	beyond	the	confines	of	academia.	In	terms	of	the	Language	in	Education	policy	
(Department	 of	 Education,	 RSA.	 1997),	 decisions	 about	 school	 language	 policies	 have	 been	
devolved	to	school	governing	bodies,	composed	of	parents	and	teachers,	the	trend	in	township	
and	rural	schools	has	been	to	introduce	English	as	LoLT	earlier	(Probyn,	Murray,	Botha,	Botya,	




of	 learning	 and	 teaching	 (LoLT)	 for	 81%	 of	 learners	 from	 Grade	 4	 onwards,	 (Department	 of	
Basic	Education,	RSA,	2010,	p.	16),	with	 the	majority	of	 learners	switching	 to	English	after	an	
initial	 period	 of	 up	 to	 three	 years	 of	 learning	 in	 their	 home	 language.	 	 Yet	 for	many	 African	
learners	 in	 township	 and	 rural	 schools,	 exposure	 to	 spoken	 and	 written	 English	 outside	 the	




the	 test	when	 it	was	not	 their	home	 language	 (Howie,	2001;	Reddy,	2006,	Prinsloo	&	Rogers,	




languages,	 in	 the	 international	 PIRLS	 studies	 (Howie	 et	 al,	 2008;	 Howie,	 van	 Staden,	 Tshele,	
Dowse	&	Zimmerman,	2012)	point	 to	 the	problem	of	 literacy	 in	general	and	the	difficulties	of	
disentangling	causal	factors	for	poor	academic	performance.		
Public	 opinion	 as	 to	 the	 most	 suitable	 languages	 for	 learning	 and	 teaching	 are	 frequently	
expressed	 in	 the	 wake	 of	 poor	 results	 in	 national	 and	 international	 assessments	 (see	 for	
example,	 “Hobbled	 by	 inadequate	 English,”	 2014).	 However	 academic	 opinion	 has	 remained	
divided	 on	 the	 issue	 with	 some	 advocating	 a	 straight	 for	 English	 approach	 on	 pragmatic	
grounds,	 particularly	 in	 the	more	multilingual	 urban	 contexts	 (for	 example,	 Vinjevold,	 1999)	
while	others	have	strongly	argued	for	the	benefits	of	home	language	LoLT	-	at	least	six	years	-	
followed	 by	 dual	 medium	 LoLT,	 in	 what	 has	 been	 termed	 ‘mother	 tongue	 based	 bilingual	
education’	(Heugh,	2002,	2011).			
So	 the	 question	 of	 which	 language	 policies	 –	 and	 practices	 –	 are	 most	 supportive	 of	 the	
opportunity	 to	 learn,	 and/or	 pragmatically	 possible,	 remains	 highly	 contested	 and	 as	 yet	
unresolved.		
Classroom	language	practices:	policy-practice	gaps	




So	 in	 the	 literature	 on	 ‘dual	 language’	 bilingual	 programmes,	 the	 recommendation	 is	 that	
languages	 should	 be	 strictly	 separated	 (Thomas	 &	 Collier,	 2002,	 p.	 126).	 	 This	 quite	 clearly	






tend	 to	 switch	 off	 when	 the	 teacher	 is	 explaining	 concepts	 in	 the	 additional	 language;	 and	
teachers	will	not	develop	language	support	strategies	such	as	modifying	their	language	use	and	
using	extra-linguistic	support	(Wong	Fillmore,	1985);	so	this	will	compromise	the	very	purpose	




respond	 in	 the	 second	 language	 because	 they	 have	 been	 reinforced	 for	 their	 confusion	 with	
some	 well-meaning	 adult	 who	 translates	 for	 the	 “poor	 child”.	 Instructors	 who	 react	 in	 this	
manner	 discourage	 students	 from	 developing	 listening	 strategies	 in	 the	 second	 language.’	 (p.	
18)	
Recommendations	 for	 language	 in	 education	 policies	 in	 post-colonial	 Africa	 (Ouane	 &	 Glanz,	
2011;	 UNESCO,	 1953)	 have	 been	 in	 favour	 of	 mother	 tongue	 or	 home	 language	 LoLT,	 plus	
learning	an	international	language	of	wider	communication.	Along	with	this	has	gone	a	negative	
view	 of	 classroom	 codeswitching	 –	 seen	 as	 an	 undesirable	 by-product	 of	 learning	 though	 an	
additional	language;	for	example	Benson	(2004,	p.	208)	referred	to	‘unsystematic	codeswitching	
i.e.	bouncing	between	languages	without	clear	goals.’	















Nevertheless,	 as	has	been	widely	 reported	 in	 the	 literature,	 in	post-colonial	 contexts	where	 a	
former	 colonial	 language	 is	 used	 as	 language	medium	 in	 education,	 there	 is	 frequently	 a	 gap	
between	the	demands	of	the	curriculum	and	learners’	proficiency	on	the	LoLT;	and	a	resultant	
gap	between	policy	 expectations	 and	practical	 classroom	 realities.	 In	 these	 contexts,	 teachers	
are	very	conscious	of	their	responsibility	to	teach	both	lesson	content	and	language;	and	of	the	
tension	between	these	objectives:	Setati,	Adler,	Reed	&	Bapoo,	(2002,	p.	84)	in	the	South	African	





In	 such	 classrooms,	 as	 Macdonald	 (1990b)	 noted,	 the	 teacher’s	 practice	 is	 moulded	 by	 the	
language	 proficiency	 of	 the	 learners;	 and	 a	 common	 pragmatic	 response	 is	 for	 teachers	 to	
switch	to	the	learners’	home	language	during	classroom	talk,	to	achieve	a	range	of	cognitive	and	
affective	 goals,	 while	 reading,	 writing	 and	 assessment	 are	 conducted	 solely	 in	 the	 additional	
language	–	most	commonly,	English.	Such	policy-practice	gaps	and	resultant	bilingual	practices	
have	 been	 described	 in	 the	 literature	 both	 internationally	 (see	 for	 example:	 Arthur,	 1996	 in	
Botswana;	Lin,	1996,	in	Hong	Kong;	Clegg	&	Afitska,	2011	in	sub-Saharan	Africa;	Martin,	1996,	
in	 Brunei;	 Merritt,	 Cleghorn,	 Abagi	 &	 Bunyi,	 1992,	 in	 Kenya;	 and	 Martin-Jones,	 2000	 and	





Despite	 such	 practices	 being	 widespread,	 classroom	 codeswitching	 has	 also	 tended	 to	 be	
regarded	 as	 a	 deficit	 classroom	 practice	 by	 educational	 authorities,	 and	 stigmatized	 as	 an	
indication	 of	 failure	 (Adendorff,	 1996;	 Baker,	 2001;	 Garcia,	 2009;	 Setati	 et	 al,	 2002;	 Probyn,	
2009;	Wei	 &	 Martin,	 2009).	 Consequently	 codeswitching	 practices	 are	 frequently	 covert:	 for	
example	in	my	own	research	a	teacher	referred	to	‘smuggling	the	vernacular	into	the	classroom’	
(Probyn,	2009,	p.	123)	–	an	 issue	that	was	explored	 from	an	 international	perspective	by	Wei	
and	Martin	(2009).		
Set	against	these	largely	negative	attitudes	towards	codeswitching	in	the	literature	on	bilingual	
education,	 is	 another	 body	 of	 literature	 coming	 from	 socio-	 and	 psycholinguistics	 that	
considered	 the	 naturally	 occurring	 language	 use	 in	 multilingual	 social	 settings,	 including	
classrooms	in	post-colonial	contexts	(for	example:	Adendorff,	1996;	Canagarajah,	2011;	Creese	
and	Blackledge,	2010;	Ferguson,	2003;	Garcia,	2009;	Hornberger,	1989;	Lin,	2005;	Martin,	2005;	
Martin-Jones,	2000;	Probyn,	2005,	2009;	Setati	 et	 al,	 2002).	Rather	 than	 taking	a	prescriptive	
view	of	what	 teachers	should	do	 in	 the	classroom,	 these	writers	have	examined	how	teachers	
and	 learners	exploit	 the	 linguistic	 resources	available	 to	 them	 to	engage	 students	 in	 learning.	
Central	 to	 this	 research	 has	 been	 the	 study	 of	 classroom	 codeswitching,	 which	 has	 been	
regarded	as	a	‘communicative	and	pedagogic	resource	in	bilingual	contexts’	(Ferguson,	2009,	p.	















has	 challenged	 the	 monolingual	 assumptions	 underpinning	 the	 notion	 of	 bilingualism	 as	 the	
sum	of	two	separate	languages	or	 ‘two	solitudes’,	as	Cummins	put	it	(Cummins,	2008,	p.	588),	
but	has	instead	taken	the	view	that	languages	comprise	a	common	linguistic	resource	that	can	
be	 drawn	 on	 flexibly,	 including	 in	 classrooms.	 Accompanying	 this	 has	 been	 an	
acknowledgement	 of	 ‘the	 fluid	 ways	 in	 which	 languages	 are	 used’	 in	 multilingual	 contexts	 –	
what	Garcia	(2009)	has	described	as	‘languaging’	(p.	23)	and	‘translanguaging’	when	it	refers	to	
moving	 between	 languages	 (see	 also	 for	 example	 Canagarajah,	 2011;	 Creese	 and	 Blackledge,	
2010;	Makalela,	2015;	McKinney,	2017).	These	ideas	have	parallels	in	the	South	African	context	
with	 proposals	 for	 a	 ‘modified	 dual	 medium’	 multilingual	 model	 made	 by	 Heugh	 (1995)	 in	




As	 mentioned	 previously,	 Cummins	 has	 contributed	 the	 idea	 that	 language	 skills	 and	 ideas	
learned	 in	 the	 learner’s	home	 language,	 can	be	 transferred	across	 languages	 to	 the	additional	
language	(Cummins,	2000,	2007):		
(W)hen	 students’	 L1	 is	 involved	 as	 a	 cognitive	 and	 linguistic	 resource	 through	 bilingual	











additional	 language	 acquisition,	 it	 would	 defeat	 the	 arguments	 against	 such	 practices	 i.e.	 the	





The	 consensus	 appears	 to	 be	 that	 although	 codeswitching	 is	 a	 common	 practice	 in	 bilingual	
classrooms,	 it	 is	 rarely	 a	 pre-determined	 teaching	 and	 learning	 strategy	 (Adendorff,	 1996;	
Baker,	 2001,	 p.	 279;	 Clegg	 &	 Afitska,	 2011;	 Ferguson,	 2003;	 Probyn,	 2001),	 but	 rather	 a	
‘pragmatic	response	to	the	local	classroom	context’	(Blackledge	&	Creese,	2010,	p.	203);	and	so	
there	have	been	calls	for	such	flexible	bilingual	language	use	to	be	developed	into	a	systematic	
and	 planned	 pedagogical	 strategy	 and	 for	 such	 language	 strategies	 to	 be	 included	 in	 teacher	
training	 programmes	 (Alidou	 &	 Brock-Utne,	 2011;	 Benson,	 2004;	 Ferguson,	 2009;	 Probyn,	
2006;	Setati	et	al,	2002).				
Language	practices	in	bilingual	classrooms:	clarifying	terminology	






As	 is	 widely	 reported	 in	 the	 literature,	 in	 multilingual	 classrooms	 teachers	 and	 learners	
frequently	draw	on	more	than	one	language	for	a	range	of	functions;	and	these	practices	may	be	










the	 former	meaning:	 switches	between	 languages	of	 relatively	 short	duration.	 ‘Translation’	 in	
the	bilingual	classroom	refers	 to	repetition	by	 the	 teacher	of	 lesson	content	or	 instructions	 in	
the	 learners’	home	 language.	Both	 these	 forms	of	 language	alternation	may	occur	 in	bilingual	




in	 terms	 of	 ‘translanguaging,’	 defined	 by	 Baker	 (2011)	 as	 ‘the	 process	 of	 making	 meaning,	
shaping	 experiences,	 understandings	 and	 knowledge	 through	 two	 languages.	 Both	 languages	
are	 used	 in	 an	 integrated	 and	 coherent	 way	 to	 organize	 and	 mediate	 mental	 processes	 in	
learning’	(p.	288)	(own	emphasis).	The	term	‘translanguaging’	was	originally	used	in	relation	to	
Welsh	bilingual	education	programmes,	where	the	teacher	used	both	English	and	Welsh	in	the	




developing	 bilingual	 language	 proficiency	 as	 well	 as	 for	 the	 perceived	 cognitive	 benefits	
(Williams,	1996	in	Lewis	et	al	2012a).		
However	as	Lewis	et	al	(2012a)	noted,	the	original	term	‘translanguaging’	has	been	taken	‘from	
school	 to	 street	 and	 beyond’	 by	 Baker	 (2011)	 Canagarajah	 (2011),	 Creese	 and	 Blackledge	
(2010)	Garcia	(2009),	Hornberger	and	Link	(2012)	and	others,	to	encompass	societal	bilingual	
practices	more	generally,	as	well	as	to	refer	to	a	range	of	bilingual	practices	in	the	classroom.			
Clegg	and	Afitska	(2011),	 in	writing	about	 language	alternation	 in	African	classrooms,	made	a	




classrooms	 as	 translanguaging,	 as	 it	 seems	 to	 me	 to	 be	 distinguished	 in	 form,	 function	 and	
ideological	orientation	 from	classroom	codeswitching	and	translation.	Whereas	codeswitching	
and	 translation	 reflect	 a	 temporary	 deviation	 from	 a	 monolingual	 ideal,	 the	 notion	 of	
translanguaging	 reflects	 acceptance	 of	 a	 heteroglossic,	 multilingual	 reality	 and	 a	 more	




approves	 flexibility	 in	 language	 use	 and	 the	 permeability	 of	 learning	 through	 two	 or	 more	
languages.	Particularly	 in	 the	bilingual	classrooms,	 translanguaging	 	as	a	concept	 tries	 to	move	
acceptable	practice	 away	 from	 language	 separation,	 and	 thus	has	 ideological	 –	 even	political	 –
associations’	(p.	659).		
What	the	concept	translanguaging	usefully	allows	is	to	pull	together	concepts	from	the	field	of	






Lewis	 et	 al	 (2012b)	 noted	 too	 that	 translanguaging	 is	 ‘an	 emergent	 educational	 concept’	 (p.	
667)	 and	 that	 ‘a	 wealth	 of	 future	 research	 is	 needed	 to	 establish	 when,	 where,	 and	 how	
translanguaging	 is	 a	 suitable	 teaching	 approach.’	 (2012a.	 p.	 651).	 The	 concept	 of	
translanguaging	 is	 one	 that	 has	 recently	 been	 taken	 up	 in	 South	 African	 classroom-based	
research	(see	Makalela,	2015;	McKinney,	2017,	Probyn,	2015).	This	research	study	is	a	further	
contribution	 to	 such	 to	 the	 development	 of	 the	 emergent	 educational	 concept	 of	
translanguaging	and	what	it	might	mean	in	classroom	practice.	
Summary	
While	 language	 policies	 and	 paradoxes	 in	 the	 South	African	 context	 frame	 this	 research,	 it	 is	
beyond	 the	 scope	 of	 this	 study	 to	 explore	 and/or	 recommend	 alternative	 policies,	 so	 the	
discussion	 has	 been	 confined	 to	 exploring	 teachers’	 practices	within	 these	 policy	 constraints.	




It	 appears	 that	 a	 reorientation	 from	 a	 view	 of	 bilingualism	 as	 ‘monolongualism	 times	 two’,	
(Garcia,	2009,	p.	71)	along	with	the	notion	of	 the	 ideal	of	 the	strict	separation	of	 languages	 in	








the	 classroom	 discourse	 and	 how	 teachers	 and	 learners	 engage	 in	 constructing	 knowledge	
though	classroom	talk	–	an	aspect	that	has	received	considerable	attention	in	contexts	that	are	
generally	more	linguistically	homogenous.	What	this	study	of	 language	and	the	opportunity	to	







to	 language	 and	 learning	 that	 encompasses	 learning	 in	 general	 (see	 Alexander,	 2001,	 2006;	
Barnes,	1976,	1992;	Mercer,	1995;	Wells,	1999)	and	learning	science	in	particular	(see	Lemke,	
1990;	 Martin,	 1990;	 Ogborn,	 Kress,	 Martins	 &	 McGillicuddy,	 1996;	 Mortimer	 &	 Scott,	 2003;	
Sutton,	1992;	Wellington	&	Osborne,	2001).		
The	 literature	 on	 classroom	 discourse	 covers	 a	 wide	 range	 of	 perspectives:	 linguistic,	
psychological,	 sociological	 and	 educational	 and	 there	 have	 also	 been	useful	 cross-disciplinary	
perspectives:	 for	 example	 Wells	 has	 drawn	 on	 both	 socio-cultural	 theory	 and	 systemic	
functional	 linguistics	 in	 the	 work	 of	 Vygotsky	 and	 Halliday	 to	 argue	 for	 the	 complementary	
contribution	of	 these	 theories	 to	 a	 ‘language-based	 theory	of	 learning’	 (Wells,	 1999);	 Christie	
and	others	 in	the	systemic	functional	 linguistics	field	have	engaged	with	the	sociology	of	Basil	
Bernstein	 in	examining	and	explaining	classroom	discourse	and	 learning	(Christie,	2002);	and	
Gibbons	draws	on	 the	 complementary	 insights	of	 systemic	 functional	 linguistics,	Bernsteinian	





The	 focus	 of	 this	 research	 is	 primarily	 educational	 rather	 than	 linguistic:	 how	 	 	 science	
knowledge	 is	 constructed	 by	 teachers	 and	 learners	 through	 the	 classroom	 discourse	 and	
whether	 the	 discourse	 practices	 of	 teachers	 and	 learners	 appear	 to	 increase	 or	 diminish	 the	
opportunity	to	learn	science.	As	Edwards	and	Mercer	(1987)	have	noted:	‘it	is	essentially	in	the	
discourse	between	teacher	and	pupils	that	education	is	done,	or	fails	to	be	done’	(p.	101).	This	
means	 too	 that	 the	 focus	 of	 the	 analysis	 is	 on	 both	 the	 science	 content	 and	 the	 discourse	
patterns.		
	Teacher-learner	talk	
Ground	breaking	work	by	Barnes	 (1976,	1992),	 from	a	 socio-cultural	perspective,	 arose	 from	
concerns	 about	 the	 domination	 of	 teacher	 talk	 in	 lessons;	 and	 argued	 for	 the	 importance	 of	
pupil	 talk	 in	 learning.	 	 Barnes	 drew	 an	 important	 distinction	 between	 the	 functions	 of	
‘exploratory	 talk’	 by	 learners	 where	 the	 focus	 is	 on	 sorting	 out	 their	 own	 ideas,	 and	







particular	 context	 of	 classrooms,	 identified	 the	 dominant	 pattern	 of	 classroom	 interaction	 as	
that	of	teacher-led	question	and	answer,	with	an	'initiation	(question	by	teacher),	response	(by	
learner)	 and	 evaluation	 (by	 teacher)	 -	 commonly	 known	 as	 IRE	 exchanges	 (Mehan,	 1979),	














student’s	participation	with	an	evaluation,	 the	teacher	could	 instead	utilize	 this	move	to	build	
on	 the	 student’s	 response	 by	 requesting	 the	 student	 to	 clarify,	 exemplify,	 expand,	 explain	 or	
justify	their	response,	and	so	provide	the	point	of	departure	for	the	next	IRF	triad	(e.g.	IRFRFRF	
…).	 	 It	 is	 through	this	 ‘contingent	responsiveness’	 to	 learners’	contributions,	 that	 the	 feedback	




whole	 class	 dialogue	 that	 ‘chains	 ideas	 into	 coherent	 lines	 of	 thinking’,	 enabling	 teachers	 to	
engage	 learners	 in	 linking	 of	 facts	 and	 observations	 through	 argument	 into	 conceptual	
frameworks	 in	 what	 amounts	 to	 reasoning	 aloud	 –	 a	 critical	 aspect	 of	 content	 coherence.	
Alexander	 described	 the	 dialogic	 classroom	 talk	 as	 ‘collective,	 reciprocal	 and	 supportive’	 and	
‘concerned	 with	 the	 conduct	 and	 ethos	 of	 classroom	 talk’,	 as	 well	 as	 being	 ‘purposeful	 and	
cumulative’	in	terms	of	the	lesson	content	(Alexander,	2006	p.	49).		
Alexander	referred	to	this	kind	of	classroom	discourse	as	 ‘scaffolded	dialogue’	(2000,	pp.	526-








Alexander	 along	 with	 prominent	 educational	 researchers	 in	 the	 field	 of	 classroom	 discourse	
(see	 for	 example,	 Gibbons,	 2006;	 Mercer	 &	 Littleton,	 2007;	 Mortimer	 &	 Scott	 2003)	 have	
rejected	 simplistic	 dichotomies	 between	 teacher-centred	 and	 learner-centred	 approaches,	
instead	 claiming	 that	 teachers	 need	 to	 develop	 a	 range	 of	 discourse	 repertoires;	 and	 that	 in	
science	lessons	for	example,	different	patterns	of	classroom	discourse	and	interaction	function	
for	 different	 purposes	 at	 different	 points	 in	 a	 lesson	 –	 and	 the	 key	 question	 is	 whether	
interaction	 patterns	 in	 the	 discourse	 are	 appropriate	 for	 the	 stage	 and	 learning	 purpose	 in	 a		
lesson.		
In	 the	 context	 of	 science	 lessons,	Mortimer	 and	 Scott	 (2003)	 pointed	 out	 that	 practical	work	
does	not	speak	for	itself,	and	it	is	in	the	interactive	talk	during	and	following	practical	activities	
that	 the	 learning	of	 the	science	concepts	 takes	place	(p.	1).	However,	while	 it	 is	 important	 for	
learners	 to	 have	 the	 opportunity	 to	 discuss	 their	 own	 ideas,	 they	 ‘will	 not	 stumble	 upon,	 or	














• 	participatory	exchanges	where	agenda	 is	shaped	by	all	participants	–	mainly	 in	group	
work.		
Another	 form	 of	 classroom	 interaction	 that	 is	 particularly	 prevalent	 in	 post-colonial	 contexts	
where	 the	 language	 of	 learning	 and	 teaching	 is	 an	 additional	 language	 (usually	 the	 formerly	
colonial	 language),	 has	 been	described	 as	 'oral	 cloze'	 (Cath	&	McLellan,	 1993	 cited	 in	Martin,	
1996):	 that	 is,	when	 a	 teacher	 asks	 a	 class	 a	 question	 and	 cues	 the	 response	 -	 very	 often	 by	
leaving	out	a	word	for	a	learner	or	the	whole	class	to	fill	in	and	signaled	by	a	rising,	questioning	
tone.	This	functions	as	part	of		‘ritualised	participation	strategies,	designed	to	keep	the	students	
involved	 rather	 than	 requiring	 an	 answer	 to	 a	 question’	 (Hardman,	 2008	 p.	 139);	 and	 as	





the	 term	 used	 for	 this	 type	 of	 practice:	 for	 example	 Macdonald	 referred	 to	 ‘Rote	 Rhythm’	
(1990a.	p.	143);	and	Gibbons	(2006)	and	Hardman	(2008)	have	referred	to	it	as	a	form	of	‘cued	
elicitation’;	I	propose	to	stick	to	the	term	used	by	Martin	(1996)	and	others,	namely	‘oral	cloze’	



















the	 practical	 experience	 and	 recontextualising	 it	 in	 terms	 of	 science	 knowledge,	 following	 an	
explanatory	arc	of	description	–	explanation	–	generalization	(Mortimer	and	Scott,	2003,	p.	26).	










fourth	 stage	 of	 the	 lesson,	 when	 the	 teacher	 engaged	 and	 guided	 learners	 in	 developing	 the	
scientific	 argument,	 through	 dialogic	 exchanges.	 Likewise,	 it	 would	 seem	 that	 in	 classrooms	
where	 there	 is	 not	 evidence	 of	 dialogic	 discourse	 at	 this	 point	 in	 the	 lesson,	 it	 is	 likely	 that	
lesson	content	would	be	left	as	fragmented	bits	of	information:	one	can	conclude	therefore	that	
dialogic	 discourse	 would	 be	 a	 necessary	 condition	 for	 engaging	 learners	 in	 developing	
conceptual	 frameworks	 and	understanding;	 and	developing	 a	 vertical	 knowledge	 structure	 in	
science	lessons.		
Alexander	 (2006)	makes	 the	 additional	 point	 about	 such	 classroom	 discourse	 that	 forms	 the	
basis	of	what	he	terms	dialogic	teaching,	namely	that	 it	 is	cumulative,	with	 ideas	and	meaning	
linked	 both	 within	 and	 across	 lessons	 –	 referring	 to	 what	 Mercer	 and	 Littleton	 (2007)	 have	
identified	as	the	temporal	nature	of	classroom	discourse.	This	means	that	in	order	to	investigate	





For	 teachers	 to	 engage	 learners	 in	 such	 classroom	 discourse	 practices,	 it	 is	 necessary	 that	





So,	 on	 the	 one	 hand,	 classroom	 discourse	 is	 the	means	 though	which	 the	 vertical	 knowledge	










Bernstein	 and	 others	 have	 shown	 that	 the	 gap	 between	 ‘community	 code’	 and	 ‘school	 code’	
(Taylor,	 Muller	 and	 Vinjevold,	 2003)	 is	 generally	 greater	 for	 learners	 from	 poorer	 socio-




Proficiency	 (CALP)’	 that	 is	 required	 by	 schooling	 and	 which	 operates	 in	 a	 situation	 that	 is	
abstracted	from	immediate	experience	–	 ‘context-reduced’	–	and	marks	a	shift	along	the	mode	
from	a	more	spoken-like	form,	along	a	continuum	to	a	more	written-like	form.		
In	 addition	 to	 this	 general	 shift	 from	 ‘BICS’	 to	 ‘CALP,’	 learners	 have	 to	master	 the	 particular	
discourse	 of	 science,	which	 (as	 described	 earlier)	 is	 different	 to	 everyday	 language	 in	 that	 it	
employs	a	wide	range	of	specialized	terminology,	as	well	as	utilizing	everyday	terms	with	new	
specialized	meanings.	Science	discourse	is	also	lexically	dense,	partly	through	the	grammatical	
process	 of	 nominalization,	 which	 makes	 it	 particularly	 challenging	 for	 learners	 to	 read	 and	
write	 (Lemke,	1990;	Martin,	1990;	Mortimer	&	Scott,	2003;	Ogborn	et	al,	1996;	Sutton,	1992;	
Wellington	&	Osborne,	2001).	In	addition	science	is	expressed	though	particular	written	genres	






The	 nature	 of	 science	 knowledge	 is	 that	 it	 is	 empirically	 based	 and	 so	 learners	 also	 need	 to	
bridge	 the	 gap	 between	 observation	 of	 particular	 phenomena,	 to	 understanding	 how	 these	
observations	 relate	 to	 generalised	 principles	 and	 broader	 conceptual	 frameworks	 and	 are	
linked	into	a	vertically	structured	body	of	knowledge.	These	scientific	concepts	are	frequently	at	
odds	 with	 learners’	 existing	 common	 sense	 understandings,	 which	 are	 sometimes	 hard	 to	
displace	(Mortimer	&	Scott,	2003).	
The	 challenges	 of	 bridging	 the	 gap	 between	 community	 language	 and	 school	 language;	 and	
everyday	 language	 and	 science	 language	 apply	 to	 all	 learners,	 irrespective	 of	 their	 particular	





face,	 context-embedded	 talk	 around	 practical	 activities,	 that	 utilises	 everyday	 knowledge	 and	




language	 as	 a	 bridge	 to	 understanding	 the	 lesson	 content	 in	 English.	 Setati	 et	 al	 (2002)	
described	 this	 ‘journey’	 from	 ‘informal’	 exploratory	 talk	 in	 the	 learners’	 home	 language	 to	
‘formal	 written	 science	 discourse	 in	 English,	 as	 following	 a	 range	 of	 possible	 paths.	 This	 is	
closely	echoed	by	Lin	(2012,	p.	93)	in	the	multilingual	context	of	Hong	Kong,	where	she	refers	to	











Wells,	 1999).	 Alexander’s	 magnum	 opus	 –	 a	 comparative	 cross	 cultural	 study	 of	 teaching	 in	
classrooms	in	five	countries	(2001)	led	to	a	renewed	focus	on	‘dialogic’	whole	class	teaching.		
Gibbons	 (2006)	 in	 Australia	 provided	 a	 very	 useful	 research	model	 in	 that	 she	 analysed	 the	
discourse	patterns	 and	 science	 content	 across	whole	 lessons,	with	 a	particular	 focus	on	what	
she	termed	‘bridging	discourses’	that	supported	learners	in	bridging	the	gap	between	everyday	
knowledge	 and	 language;	 and	 science	 knowledge	 and	 language,	while	 also	moving	 across	 the	
mode	continuum	from	speaking	to	writing.		
However,	 although	many	 of	 the	 learners	 in	 the	 UK	 studies,	 and	 Gibbons’	 study	were	 second	
language	 speakers	 of	 English,	 there	was	 not	 a	 specific	 focus	 in	 these	 studies	 of	 the	 learners’	




In	 South	 Africa,	 there	 has	 been	 much	 research	 on	 classroom	 codeswitching	 (for	 example:	
Adendorff,	 1996;	Macdonald	 1990a	&	 b,	 1991;	 Probyn,	 2001,	 2006,	 2009;	 Setati,	 et	 al.,	 2002,	
Rollnick,	2000)	but	less	on	classroom	discourse	that	has	looked	explicitly	at	the	construction	of	







Chick,	 1996).	 Setati	 et	 al	 (2002)	 described	 classroom	 codeswitching	 as	 a	 ‘dilemma-filled’	
practice	 and	 also	 noted	 that	 teachers	 needed	 to	 bridge	 the	 gap	 between	 home	
language/everyday	 language	 and	 the	 particular	 subject	 discourses	 of	 schooling;	 and	 that	 this	
‘journey’	might	proceed	along	a	range	of	possible	paths.	However	this	research	did	not	include	a	
detailed	 analysis	 of	 classroom	 discourse,	 except	 to	 note	 that	 the	 journey	 from	 oral	 everyday	
knowledge	in	the	learners’	home	language	to	written,	subject	specific	discourse	in	English	was	
rarely	 completed,	 with	 lessons	 most	 often	 shifting	 abruptly	 from	 group	 discussion	 in	 the	





Necessary	 conditions	 for	 the	 opportunity	 to	 learn	 OTL	 science	 are	 that	 the	 science	 content	
presented	 in	 lessons,	 should	 be	 empirically	 based,	 with	 real	 world	 application;	 and	 that	 it	
should	be	accurate,	and	appropriately	paced.	However,	these	factors	are	not	sufficient;	and	for	




This	 vertical	 structuring	 of	 science	 facts	 into	 coherent	 conceptual	 frameworks	 seems	 best	
achieved	 though	engaging	 learners	 in	extended	stretches	of	dialogic	discourse,	 at	 the	point	 in	






of	 a	 range	 of	 possible	 discourse	 strategies;	 and	 teachers	will	 shift	 between	 authoritative	 and	
dialogic	discourse	patterns	at	different	stages	in	a	lesson.		
In	 addition	 to	 constructing	with	 learners	 the	 vertical	 content	 knowledge	 of	 science,	 teachers	
need	 to	 help	 learners	 to	 make	 links	 between	 the	 language	 of	 home	 and	 the	 language	 of	
schooling	in	general,	and	the	language	of	science	in	particular.	In	the	complex	bilingual	contexts	
such	 as	 exist	 in	 township	 and	 rural	 schools	 in	 South	 Africa,	 the	 challenges	 of	 bridging	
knowledge	and	discourses	from	home	to	school	are	greatly	increased.	A	distinction	between	the	
notions	 of	 codeswitching	 and	 translanguaging	 seems	 helpful	 in	 a	 consideration	 of	 the	
opportunity	to	learn	in	these	classrooms.	
The	theories	and	research	from	the	literature	form	the	framework	for	the	analysis	of	language	













• What	 was	 the	 nature	 of	 the	 science	 content	 knowledge	 that	 was	 developed	 in	 the	
observed	lessons?	
o What	 types	 of	 science	 content	 knowledge	 were	 presented	 in	 the	 observed	
lessons?	
o What	 were	 the	 sources	 of	 the	 science	 content	 knowledge	 in	 the	 observed	
lessons?	
o How	 accurate	 was	 the	 science	 content	 knowledge	 that	 was	 presented	 in	 the	
observed	lessons?	
o How	much	science	content	knowledge	was	there	in	the	observed	lessons?	











between	 everyday	 knowledge	 and	 language	 and	 science	 knowledge	 and	








backdrop	 to	 this	 research	 study	 in	 that	 they	 assessed	 South	 African	 Grade	 8	 learners	 in	
mathematics	and	 science,	 in	 comparison	 to	 learners	 internationally.	The	poor	performance	of	
South	 African	 learners	 in	 these	 and	 successive	 assessment	 studies	 has	 been	 cause	 for	 much	
concern;	and	questions	have	been	raised	as	to	the	possible	causes.	An	obvious	question	to	ask,	
in	 line	 with	 a	 key	 concept	 coming	 out	 of	 the	 successive	 IEA	 studies	 such	 as	 TIMMS	 (see	
McDonnell,	 1995),	 is:	 did	 the	 South	 African	 Grade	 8	 learners	 in	 fact	 have	 the	 opportunity	 to	
learn	science?	Although	the	TIMSS	studies	 internationally	provided	data	about	the	contexts	of	
teachers,	 learners	 and	 schools,	 which	 provided	 some	 indication	 of	 opportunity	 to	 learn,	 this	
data	 was	 collected	 by	 means	 of	 questionnaires	 and	 there	 was	 no	 direct	 observation	 of	
classroom	practices	to	shed	light	on	the	‘black	box’	of	the	implemented	curriculum.		
This	shortcoming	prompted	the	TIMSS	Video	Studies	for	mathematics	(Hiebert	et	al,	2003)	and	
science	 (Roth	 et	 al,	 2006),	which	 as	 their	 titles	 suggest,	 used	 videotapes	 of	mathematics	 and	
science	lessons	in	seven	and	five	countries	respectively,	to	identify	and	compare	opportunity	to	







p.	 255).	 On	 account	 of	 their	 small-scale,	 in-depth	 nature,	 case	 studies	 fall	 into	 the	 broad	
qualitative	research	paradigm.	The	term	case	study	has	been	used	to	describe	a	wide	range	of	
research	 purposes	 and	 designs	 (Bassey,	 1999	 p.	 57):	 these	 include	 what	 Bassey	 refers	 to	 as	
‘educational’	case	studies	-	those	concerned	with	the	understanding	of	educational	action;	and	
‘explanatory’	case	studies	that	‘present(s)	data	bearing	on	cause-effect	relationships’	(Yin,	1993	
in	 Bassey,	 1999	 p.	 29).	 Bassey	 (1999)	 has	 argued	 for	 educational	 case	 studies	 as	 a	 ‘prime	
strategy	 for	developing	educational	 theory	which	 illuminates	educational	policy	and	enhances	
educational	 practice’	 (p.	 57),	 and	 according	 to	 Adelman	 et	 al	 (in	 Cohen,	Manion	 &	Morrison,	
2007	p.	256)	case	studies	can	be	‘a	step	to	action.’		
As	my	concerns	were	to	understand	educational	action	and	the	effects	thereof;	and	to	enhance	





Accordingly,	 this	 research	 study	 could	 be	 best	 be	 described	 as	 a	 multiple,	 educational,	
explanatory	 case	 study,	 aimed	 at	 providing	 a	 fine-grained	 analysis	 of	 eight	 Grade	 8	 science	
classrooms	 in	 bilingual	 rural	 and	 township	 schools	 in	 the	 Eastern	 Cape	 Province,	 in	 order	 to	
investigate	the	opportunity	to	learn	science	in	these	classrooms.		
The	concept	‘opportunity	to	learn’	has	been	discussed	and	justified	in	chapter	one;	this	concept	
provided	 the	 overarching	 theoretical	 framework	 for	 this	 study.	 In	 this	 study,	 ‘opportunity	 to	
learn’	 has	 been	 analysed	 from	 two	 complementary	 perspectives:	 the	 science	 content	 of	 the	







This	 dual	 focus	 on	 lesson	 content	 and	 language	 used	 to	 construct	 that	 content,	 falls	 into	 the	
broad	 socio-cultural	 framework	 that	 draws	 on	 the	 original	 work	 of	 Vygotsky	 (1962)	 and	 is	
centred	on	language	and	learning	in	social	contexts.	Researchers	in	this	field	such	as	Alexander	
(2000),	 Christie	 (2002),	 Gibbons	 (2006),	 Mercer	 and	 Littleton	 (2007),	 Mortimer	 and	 Scott	
(2003),	all	have	made	the	point	that	much	of	the	linguistic	research	on	classroom	discourse	has	
tended	 to	 focus	 on	 pedagogy	 and	 the	 surface	 patterns	 of	 classroom	 interactions,	 based	 on	
relatively	short	extracts	from	lesson	transcripts,	while	glossing	over	the	meaning	or	content	of	
lessons.	This	has	prompted	calls	for	the	study	of	longer	stretches	of	classroom	discourse,	where	
meanings	 are	 constructed	 over	 time	 and	 across	 lessons.	 Hence	 in	 this	 study,	 the	 main	 -	 set	
consisted	of	a	series	of	five	consecutive	science	lessons	per	teacher;	and	the	analysis	has	made	
use	 of	 fairly	 lengthy	 extracts	 from	 lesson	 transcriptions	 ‘which	 allows	 them	 to	 be	 read	 and	
understood	 as	 coherent	 acts	 of	 teaching,	 not	 disembodied	 instances	 of	 pedagogical	 talk	 …	 ’	
(Alexander,	2000,	p.	439;	original	emphasis).		
Mercer	(2010)	coined	the	term	‘socio-cultural	discourse	analysis’	which	he	described	as	being	










So,	 to	 sum	up,	 this	 research	 study	 can	be	described	as	 a	qualitative,	 educational,	 exploratory,	
multiple	 case	 study	 of	 eight	 Grade	 8	 science	 classrooms,	 utilising	 ‘socio-cultural	 discourse	







performances	 in	 the	 TIMSS	 studies	 in	 both	 mathematics	 and	 science	 (Howie,	 2001;	 Reddy,	
2006).	
As	described,	my	particular	 focus	on	classrooms	 in	 the	 two	rural	districts	and	one	peri-urban	
one	 in	 the	 Eastern	 Cape	 Province	was	 a	 pragmatic	 choice,	 as	 I	was	 already	working	with	 in-
service	English	teachers	in	these	districts	and	so	had	an	established	network	of	contacts	I	could	
call	 upon.	 At	 the	 same	 time,	 my	 entree	 to	 these	 districts	 provided	 a	 unique	 opportunity	 to	




study.	 A	 further	 criterion	 was	 that	 teachers	 should	 be	 fluent	 speakers	 of	 isiXhosa	 as	 this	
matched	 the	provincial	 linguistic	profile,	where	 the	majority	of	 teachers	 and	 learners	 share	 a	
common	 home	 language,	 isiXhosa,	while	 the	 language	 of	 learning	 and	 teaching	 is	most	 often	





The	 decision	 to	 include	 eight	 teachers	 in	 the	 study	was	 a	 pragmatic	 one	 based	 on	what	was	
considered	doable	in	terms	of	data	collection	over	the	course	of	one	year,	given	work	and	time	




was	 intended	 to	 steer	 the	 research	 away	 from	 classrooms	 where	 teaching	 and	 learning	 had	
broken	 down	 and	 thus	 to	 reduce	 variables	 related	 to	 teacher	 proficiency,	 that	 might	 impact	
negatively	 on	 ‘opportunities	 to	 learn’	 science.	 I	 recognize	 that	 the	 definition	 of	 ‘excellent’	 is	









managers	 in	 turn	 referred	me	 to	 the	district	 science	 subject	 advisors,	whom	 I	 also	met	 and	 I	
again	explained	the	purpose	and	scope	of	the	research	and	provided	the	same	research	outline.	
They	 were	 all	 interested	 and	 supportive	 of	 the	 research;	 and	 I	 requested	 them	 to	 nominate	
‘excellent’	 science	 teachers	 in	 their	 districts.	 	 I	 then	 approached	 the	 school	 principals	 and	
teachers	 concerned	 with	 letters	 requesting	 their	 participation	 and	 copies	 of	 the	 research	




requesting	 their	 participation,	 in	 line	 with	 the	 ethical	 requirement	 of	 informed	 consent.	 The	
research	proposal	received	ethical	clearance	from	the	University	of	Cape	Town.	






In	 order	 to	 answer	 the	 research	 questions,	 different	 kinds	 of	 data	 were	 collected	 through	
various	data	collection	methods.		
Lesson	observation	
In	 order	 to	 investigate	 how	 science	 knowledge	 was	 developed	 though	 language	 over	 time,	 I	
decided	to	observe	a	series	of	five	consecutive	lessons	for	each	teacher,	so	as	to	gain	a	sense	of	
the	 development	 of	 science	 concepts	 over	 the	 five	 lessons,	 and	 the	 coherence	 thereof	 both	
within	 and	 across	 lessons;	 as	 well	 as	 the	 shifts	 in	 the	 discourse	 patterns	 and	 the	 bilingual	
language	use	in	the	classrooms.	
The	lessons	were	videotaped	with	the	agreement	of	the	teachers	and	this	was	negotiated	at	the	
outset,	 when	 discussing	 the	 research	 and	 inviting	 the	 teachers’	 participation.	 Videotaping	 in	
classrooms	has	clear	advantages	 in	that	 it	provides	a	permanent	record	of	 lessons	that	can	be	
reviewed	multiple	 times	 if	 required	 and	 this	 allows	 for	 more	 detailed	 and	 nuanced	 analysis	
(Stigler,	Gonzales,	Kawanaka,	Knoll	&	Serrano,	1999).	The	obvious	disadvantage	is	that	a	camera	
is	more	intrusive	than	a	human	observer	alone,	and	may	increase	reactivity	on	the	part	of	both	






case	of	 this	 research,	 any	unnatural	behaviour	on	 the	part	of	 teachers	and/or	 learners	would	
have	been	difficult	to	sustain	over	the	course	of	five	lessons.	However,	aspects	that	were	more	






particular,	 include	 spending	 some	 time	 in	 the	 classroom	with	 the	 video	 camera	 prior	 to	 the	
actual	 data	 collection,	 to	 acclimatize	 participants.	 However	 in	 the	 case	 of	 this	 research,	
acclimatisation	 procedures	 were	 not	 possible	 given	 the	 multiple	 sites	 and	 fairly	 tight	 data	
collection	 schedules.	 In	 any	 event,	 Alexander	 (2001)	 has	 claimed	 that	 such	 procedures	were	
found	 to	 have	 negligible	 effect	 and	 that	 in	 fact	 teachers	 and	 learners	 adapted	 remarkably	
quickly	to	a	video	camera,	especially	if	it	was	left	on	a	tripod	rather	than	being	carried	around	













and	 individual	 learners	 and	 groups	 that	 was	 loud	 enough	 for	 the	 class	 to	 hear.	 The	





Thus	 the	 primary	 source	 of	 data	 for	 this	 research	 was	 the	 transcriptions	 of	 a	 series	 of	 five	
consecutive	 lessons	 for	 each	 of	 the	 eight	 ‘reputable’	 Grade	 8	 science	 teachers,	 in	 the	 context	
where	 the	 teachers	 and	 learners	 shared	 a	 common	 home	 language,	 isiXhosa.	 The	 lesson	
transcriptions	 were	 backed	 by	 the	 digitized	 videos	 of	 the	 lessons,	 which	 were	 used	 in	
conjunction	with	the	transcriptions	for	the	data	analysis.		
Interviews	
Teachers	 were	 interviewed	 immediately	 after	 the	 observation	 period,	 to	 obtain	 contextual	
information,	 including	 their	qualifications	and	 training	as	 science	 teachers,	 the	 school	 context	
(for	example:	numbers	of	 teachers	and	 learners;	socio-economic	status	of	 learners),	resources	
for	 teaching	 science	 (science	 equipment	 and	 textbooks),	 and	 their	 views	 on	 language	 and	
learning	and	the	language	medium	in	particular.		
Teachers	were	also	 interviewed	about	their	classroom	language	practices,	using	extracts	 from	
the	videotaped	 lessons	 for	 the	purpose	of	 ‘stimulated	 recall’	 -	 in	particular	 about	 their	use	of	










Copies	were	made	of	 a	 sample	of	 learners’	 classwork	 for	each	 class,	where	written	work	was	
done	in	the	observed	science	lessons.	This	was	to	provide	evidence	of	how	much	written	work	







There	were	 four	 key	 guiding	 principles	 to	 ensure	 that	 the	 research	was	 conducted	 ethically:	




In	 line	with	the	first	principle	–	respect	and	empathy	for	participants	-	 I	attempted	to	 identify	
‘excellent’	science	teachers,	 in	the	hope	that	they	might	be	able	to	provide	useful	 insights	 into	
how	 to	 deal	 with	 the	 challenges	 faced	 by	 many	 teachers	 who	 teach	 through	 the	 medium	 of	
English,	in	contexts	where	English	is	not	the	home	language	of	the	learners;	but	I	also	wished	to	
work	with	 ‘excellent’	 teachers	to	avoid	deficit	assumptions	about	their	classroom	practices.	 In	








proposal	with	 the	purposes	 and	 intended	processes	 spelt	 out	 (see	Appendix	2).	The	 research	





The	 feasibility	 of	 obtaining	 written	 permission	 from	 the	 learners’	 parents	 or	
caregivers/guardians	 was	 discussed	 with	 the	 teachers	 and	 school	 principals	 concerned.	
However	 in	 their	 opinion,	 this	would	 have	 been	 a	 problem	 given	 the	 low	 levels	 of	 functional	
literacy	 of	 many	 caregivers/guardians	 (frequently	 grandparents),	 particularly	 in	 rural	 areas.	













those	 persons	 directly	 engaged	 in	 the	 research	 process:	 possibly	my	 supervisor/s	 and	 those	
engaged	 to	 transcribe	 the	 videotapes.	 I	 privately	 undertook	 to	 only	 use	 video	 clips	 that	
illustrated	good	practice.	I	explained	to	teachers	that	should	I	wish	to	use	any	examples	of	good	
practice	 from	 the	 videotapes,	 for	 teaching	 or	 research	 dissemination	 purposes,	 then	 I	 would	
seek	the	teacher’s	permission	to	do	so	and	they	would	be	free	to	refuse.		
Protection	from	harm	
Prosser	 (2000)	 has	 raised	 an	 important	 ethical	 issue	 in	 relation	 to	 the	 use	 of	 video-tapes	 in	
classroom	based	research:	'Video	research	allows	participants	to	see	themselves	and	reflect	on	
their	 practice	 but	 it	 also	 has	 the	 potential	 to	 displace	 previously	 established	 self-images’	 (p.	






watching	 video	 clips	 of	 teaching	 episodes	 with	 them;	 and	 sought	 to	 position	 them	 as	















All	 of	 the	 teachers	 who	 participated	 in	 the	 research	 gave	 of	 their	 time	 and	 shared	 their	
reflections	on	their	teaching	practices	in	a	most	generous	way.	They	were	all	teachers	of	good	
reputation	 in	 their	 communities	 and	 demonstrated	 their	 caring	 and	 professionalism	 in	 my	
interactions	 with	 them.	 Any	 implicit	 criticism	 of	 certain	 practices	 that	 emerged	 in	 the	 data	
analysis	 have	 been	 made	 with	 great	 respect,	 in	 the	 knowledge	 of	 the	 extremely	 challenging	





Much	 of	 the	 research	 is	 descriptive,	 where	 the	 main	 validity	 threat	 is	 that	 of	 incomplete	 or	











Thus	 one	 should	 regard	 observed	 lessons	 as	 teachers	 presenting	 their	 ‘best	 practice’.	 If	 for	
example,	 a	 teacher	presented	a	 series	of	 ‘most	 interesting’	 lessons	 from	his	or	her	 repertoire,	
rather	than	following	the	usual	curriculum,	then	the	inference	might	be	drawn	that	the	teacher	
did	 not	 regard	 issues	 such	 as	 consolidation	 and	 coherence	 as	 important	 factors	 in	 science	
teaching.	 Likewise,	 if	 a	 teacher	 refrained	 from	using	 the	 learners’	home	 language	when	being	
observed,	 once	 could	 infer	 that	 this	 was	 not	 regarded	 as	 a	 practice	 that	 was	 considered	
legitimate	or	appropriate.	
However	 in	 the	 interviews	 following	 the	 classroom	observations,	 teachers	 claimed	 that	while	
they	were	conscious	of	the	video	camera	initially,	they	soon	forgot	about	it.	Researchers	using	
video	data	suggest	that	teachers’	practice	is	fairly	resistant	to	change	and	that	the	presence	of	a	





may	 be	 made	 for	 'face-generalisability'	 beyond	 the	 immediate	 study	 on	 the	 basis	 of	 the	
typicality	 of	 the	 teachers	 and	 learners	 involved	 (Maxwell,	 1996;	 Schofield,	 1993)	 in	 terms	 of	
their	 linguistic	 backgrounds	 and	 school	 contexts.	 According	 to	 Schofield	 such	 research	 is	
strengthened	by	multiple	sites	and	should	be	combined	with	‘thick	description’	which	provides	







The	 question	 that	 immediately	 arises	 in	 relation	 to	 the	 validity	 of	 the	 data	 is	 the	 long	 delay	
between	data	collection	and	final	submission	of	this	dissertation.	This	has	obvious	implications	
for	 the	 current	validity	of	 the	data.	 Is	 the	data	 so	old	 that	 is	has	no	 relevance	 for	 the	 current	
situation	in	education?	Sadly,	the	answer	must	be	‘no’.	As	described	in	chapter	one,	the	Eastern	






Permission	 to	conduct	 the	research	was	obtained	 from	the	Eastern	Cape	Provincial	Education	
Department	 in	2003	and	access	 to	 schools	was	negotiated	with	 the	 three	districts,	 starting	 in	
February	2004.	The	district	managers	and	science	subject	advisors	were	interested	and	helpful;	
and	 I	was	 supplied	with	 lists	 of	 possible	 teachers	 to	 approach.	 I	 contacted	 the	 teachers	who	
were	 recommended	 and	 they	 all	 agreed	 to	 participate.	 However	 there	 proved	 to	 be	 an	
imbalance	with	more	men	then	women	in	the	initial	sample	and	so	I	requested	names	of	more	
women	 teachers	and	approached	 them	to	participate,	 so	 that	 in	 the	end	 there	were	 four	men	
and	four	women	in	the	sample.		
Classroom	observation	








on	 several	 occasions	 because	 of	 school	 sports	 days,	 CASS	 moderation6,	 teachers	 writing	
university	 examinations	or	 attending	block	 lecture	 sessions,	 district	meetings	 etc.	 and	on	one	
occasion	 an	 observation	 had	 to	 be	 repeated	 because	 of	 technical	 problems	 with	 the	 video	
camera,	 when	 the	 cassette	 jammed.	 In	 addition	 in	 the	 latter	 half	 of	 the	 year,	 teaching	 was	
disrupted	by	teacher	union	strikes.	I	was	due	to	observe	in	the	last	school	in	the	fourth	term	of	
2004	but	the	teacher	concerned	was	preparing	for	a	family	funeral;	and	then	was	occupied	with	
CASS	moderation	 for	Grade	9,	 so	would	not	be	 teaching	 the	Grade	8s.	Then,	 because	of	work	
related	 commitments	 on	my	 part	 in	 the	 first	 term	 of	 2005,	 and	 further	 delays	 at	 the	 school	
concerned,	I	was	only	able	to	conduct	the	last	classroom	observations	in	May	2005.	
Interviews	





I	 held	 the	 interviews	 at	 the	 school	 or	 at	 the	 bed	 and	 breakfast	 accommodation	where	 I	 was	



















of	 school	 visits	 (often	 thwarted);	 about	 what	 I	 had	 observed	 generally	 in	 the	 schools;	 my	
conversations	 with	 other	 staff	 members;	 my	 impressions	 of	 the	 classrooms	 where	 I	 was	




Five	 of	 the	 eight	 schools	 were	 in	 rural	 areas,	 mostly	 tucked	 away	 along	 meandering	
unsignposted	 tracks.	Finding	 them	was	a	 challenge	and	 in	 some	cases	 I	was	able	 to	pick	up	a	
teacher	 in	 the	 town	 where	 I	 was	 staying,	 so	 that	 they	 could	 guide	 me	 to	 the	 school.	 The	
township	schools	were	easier	to	find,	but	directions	were	a	bit	erratic;	fortunately	I	was	able	to	
get	 help	 from	 a	 fieldworker	 from	 another	 Grahamstown	 based	 education	 project	 who	 had	
worked	in	the	area	and	knew	his	way	about;	and	he	was	able	to	show	me	the	way	to	the	schools.		
In	 all	 of	 the	 schools	 there	was	 not	 a	 reliable	 electricity	 supply	 -	 either	 because	 there	was	 no	
supply	 at	 all,	 or	 because	 the	 school	 could	not	 afford	 to	pay	 for	 electricity,	 or	 because	 electric	









series	 of	 five	 consecutive	 science	 lessons	 in	 each	 of	 the	 eight	 Grade	 8	 classes.	 The	 lesson	
transcripts	were	analysed	in	detail	and	the	video	recordings	provided	back	up	visual	detail	for	
checking	 the	 physical	 movements	 of	 teachers	 and	 learners,	 chalkboard	 work,	 practical	
demonstrations	and	so	on,	that	were	not	captured	in	the	transcripts.	
In	addition,	the	teacher	interviews	provided	background	details	about	the	school	contexts,	the	
schools,	 the	 teachers	 themselves,	 the	 learners,	 teachers’	 views	 on	 language	 and	 teaching	
science;	and	teachers’	reflections	on	particular	teaching	episodes	in	lessons,	particularly	related	




series	 of	 five	 lessons	 per	 teacher.	 The	 public	 talk	 in	 the	 lesson	 transcripts	 was	 coded	 and	
analysed	for	'opportunity	to	learn'	science	as	outlined	below.	‘Public	talk’	was	defined	as	talk	by	
teachers	or	students	where	the	intended	audience	was	the	whole	class.	
In	 order	 to	 map	 the	 lesson	 structure	 and	 to	 provide	 a	 framework	 for	 the	 analysis	 of	 the	























Theories	 of	 classroom	discourse	 and	bilingual	 classroom	practices,	 drawn	 from	 the	 literature	




coded,	 quantified	 and	 compared	 on	 the	 basis	 of	 proportions	 of	 lesson	 time;	whereas	 in	 this	
research	study,	lessons	were	transcribed	and	much	of	the	quantified	analysis	is	based	on	word	
counts,	which	is	necessary	for	the	language	analysis,	and	in	fact	makes	for	a	more	fine-grained	




sample,	 but	 would	 not	 be	 feasible	 in	 the	 case	 of	 the	 large	 scale	 across	 country	 TIMSS	 Video	
Studies.	 So	 although	 the	 data	 from	 this	 research	 study	 is	 not	 directly	 comparable	 to	 the	 data	
from	 the	 TIMSS	 Video	 Study	 for	 science	 (Roth	 et	 al,	 2006),	 the	 TIMSS	 study	 does	 provide	 a	
useful	and	roughly	comparable	international	reference	point.		
An	additional	point	in	relation	to	the	word	counts	is	that	isiXhosa	has	a	conjunctive	orthography	
whereas	 English	 has	 a	 disjunctive	 orthography.	 So	 in	 isiXhosa,	 words	 consist	 of	 several	
morphemes,	which	 in	English	 are	written	 as	 separate	words:	 for	 example,	 one	 isiXhosa	word	
‘ndiyathanda’	is	translated	into	three	words	in	English:	‘I	love	you’.	This	would	obviously	mean	
that	word	 counts	 that	were	 based	 on	 the	 original	 isiXhosa	 and	English	would	not	 be	 directly	
comparable.	 To	 overcome	 this,	 the	 English	 translations	 of	 isiXhosa	 passages	 were	 counted,	
rather	than	the	original	isiXhosa	words,	to	maintain	parity	for	comparison.		
Although	an	equal	number	of	lessons	(five)	was	observed	and	recorded	for	each	teacher,	it	soon	


























As	can	be	seen,	 the	 three	 types	of	 science	knowledge	 listed	above,	 relate	directly	 to	 the	 three	
main	types	of	science	knowledge	identified	 in	the	South	African	Curriculum:	knowledge	about	





















coded	 separately	 as	 in	 two	 classrooms	 learners	 provided	 high	 proportions	 of	 lesson	 content;	
and	in	this	study,	the	category	‘chalkboard’	was	added	as	in	some	classrooms	teachers	wrote	up	
notes	on	the	chalkboard	for	learners	to	copy	down.		In	the	TIMSS	study,	lessons	were	coded	for	
the	main	 source	of	 lesson	content;	whereas	 in	 this	 study,	 each	 fact	presented	 in	a	 lesson	was	
coded	for	its	source	and	these	were	then	quantified.		
3.	Accuracy	of	science	knowledge:	 
This	 category	 was	 not	 included	 in	 the	 TIMSS	 Video	 Study	 criteria	 as	 it	 clearly	 was	 not	 a	
consideration	 in	 the	 five	 developed	 countries	 that	 participated	 in	 the	 study:	 Australia,	 Czech	
Republic,	Japan,	Netherlands	and	the	USA	(Roth	et	al	2006).	However,	given	research	evidence	
of	 the	poor	 subject	 knowledge	of	 some	 teachers	 in	 South	Africa	 (for	 example,	 see	Taylor	 and	
Taylor,	2013);	and	evidence	during	the	data	collection	of	some	incorrect	science	content	being	
presented;	the	category	of	‘accuracy	of	science	knowledge’	was	added	to	the	analysis	criteria.			








The	 categories	 were	 quantified	 as	 percentages	 of	 the	 total	 number	 of	 facts	 to	 arrive	 at	
comparable	data	patterns	for	‘correct’,	‘partly	correct’	and	‘incorrect’	science	content.		
4.	Density	of	science	knowledge	in	lessons:		
In	 the	 TIMSS	 Video	 Study	 this	 criterion	 was	 defined	 as	 ‘the	 number	 of	 publicly	 presented	
canonical	ideas	per	lesson’	and	this	gave	some	idea	of	the	pacing	of	the	science	content.	In	this	
study	the	canonical	science	facts	were	counted	and	compared	as	a	count	over	time	to	provide	an	
indication	of	 the	density	of	 science	content	and	 lesson	pacing.	 In	 the	TIMSS	Video	Study,	only	
one	lesson	per	teacher	was	analysed,	whereas	this	study	extended	over	five	lessons	per	teacher.	
For	this	reason	I	differentiated	between	completely	new	ideas,	ideas	from	previous	lessons	that	
were	being	 reviewed,	 ideas	 that	were	 repeated	at	different	points	 in	a	 lesson,	and	 ideas	 from	
previous	lessons	that	were	repeated	but	not	part	of	an	explicit	review.		
• DNEW:	Number	of	publicly	presented	canonical	ideas	–	new	content;		
• DREV:	 Number	 of	 publicly	 presented	 canonical	 ideas	 –	 review	 of	 previously	
presented	content;	include	ideas	from	lessons	in	data	set	or	ideas	marked	by	teacher	
as	previously	presented	e.g.	‘remember	…’;		
• DREP:	 Repetition	 of	 ideas	 –	within	 a	 lesson	 at	 different	 points	 in	 the	 lesson	 e.g.	 a	
recap	before	moving	on	to	a	new	idea	or	activity;	not	repetition	at	the	same	point	in	
a	lesson;	











apply	 to	 make	 sense	 of	 a	 variety	 of	 phenomena’	 as	 a	 key	 idea	 coming	 from	 international	
research	 on	 science	 teaching	 and	 learning.	 In	 addition	 the	 study	 claimed	 that	 ‘research	 on	
human	 learning	 suggests	 that	 unrelated	 ideas	 hold	 less	 meaning	 than	 those	 that	 are	 richly	
interrelated	 …’	 (p.	 57).	 As	 discussed	 in	 the	 literature	 review,	 the	 issue	 of	 coherence	 in	 the	
science	content	of	lessons	seems	central	to	the	opportunity	to	learn	science.			
The	 coherence	 of	 lessons	 was	 conceptualized	 firstly	 in	 terms	 of	 conceptual	 links	 across	 and	






TIMMS	 study)	 and	 so	 it	 was	 possible	 to	 track	 conceptual	 links	 across	 lessons	 and	 the	
progressive	cumulation	of	science	ideas	and	concepts.	This	was	coded	as	follows:	










this	 particular	 study,	 to	 also	 capture	 the	 need	 for	 ‘rich	 factual	 detail’	 (Donovan	&	 Bransford,	
2005)	 to	 support	 the	 understanding	 of	 concepts;	 and	 to	 capture	 the	 possibility	 of	 incorrect	
concepts	being	presented	in	some	lessons:		
• LCW-2:	 strong	 conceptual	 links	 within	 lessons	 to	 generalising	 principles	 and	
theories:	 	 ‘The	 lesson	 is	 focused	 on	 content	 with	 conceptual	 links	 that	 strongly	
connect	 and	 integrate	 the	 information	 and	 activities.	 The	 information	 presented	
consists	 primarily	 of	 interlocking	 ideas,	 with	 one	 idea	 building	 on	 another	 with	
strong	conceptual	links.		The	lesson	contains	a	strong	conceptual	thread	that	weaves	
the	entire	 lesson	 into	a	 conceptual	whole’	 (Roth	et	al,	2006);	 in	addition,	 concepts	
are	supported	by	rich	factual	detail.		
• LCW-1:	weak	conceptual	links	within	lessons:	‘The	lesson	contains	some	content	but	
there	 are	 only	 weak	 or	 no	 conceptual	 links	 that	 integrate	 the	 information	 and	
activities.	The	information	and	tasks	presented	are	connected	only	by	a	shared	topic	
or	by	one	or	two	concepts	that	tie	together	some	of	the	ideas	or	activities	but	do	not	
connect	all	 the	 information	 together’	 (Roth	et	al,	2005);	or	concepts	are	presented	
without	the	necessary	supporting	rich	factual	detail.	
• LCW-0:	no	conceptual	links	within	lessons	–	‘The	teacher	focuses	students’	attention	
primarily	 on	 carrying	 out	 an	 activity	 or	 procedure	 rather	 than	 learning	 a	 content	
idea.	Students	may	encounter	some	science	content	in	the	process	of	carrying	out	an	
activity	 but	 the	 information	 is	 presented	 as	 isolated	 bits	 of	 information	 without	




incorrect	 –	 thus	 there	 is	 not	 the	 opportunity	 to	 develop	 appropriate	 conceptual	
frameworks.		
Goal	statements	and	summary	statements	









consolidation	 of	 ideas	with	 a	written	 task	 or	 assessment	 at	 the	 end	of	 a	 lesson	or	 a	 series	 of	
lessons.	I	included	this	at	it	seemed	to	me	to	be	an	important	indication	of	conceptual	coherence	
of	lessons	–	that	ideas	were	consolidated	in	writing	at	regular	intervals	by	learners.	Note	taking	
















Each	 lesson	was	 coded	according	 to	 the	 criteria	 above;	 and	a	 value	 ascribed	according	 to	 the	
codes.	The	values	were	scaled	so	as	to	arrive	at	a	composite	value	for	the	coherence	of	 lesson	
coherence,	 based	 on	 the	 three	 aspects:	 conceptual	 links;	 goal	 and	 summary	 statements;	 and	
consolidation	activities.			
Ranking	of	teachers’	practices	for	OTL	science	
The	 results	 of	 the	 coding	 of	 the	 lesson	 transcripts	 for	 the	 science	 content	 of	 lessons,	 were	
quantified	 and	 presented	 in	 the	 form	 of	 charts,	 and	 illustrated	with	 extracts	 from	 the	 lesson	
transcripts.	 The	 practices	 of	 the	 teachers	 were	 scored	 for	 each	 criterion	 in	 terms	 of	 the	
opportunity	to	learn	science,	along	the	scale	of	‘good	-	3;	partial	-	2;	weak	-	1;	very	weak/absent	

























The	classroom	 talk	was	also	 coded	 for	 the	different	discourse	interaction	patterns	within	each	
episode;	 and	 a	 word	 count	 was	 done	 for	 each	 stretch	 of	 a	 particular	 discourse	 interaction	
pattern,	 to	 provide	 an	 indication	 of	 what	 forms	 of	 interaction	 predominated	 in	 lessons.	 The	
discourse	 interaction	 patterns	 are	 briefly	 described	 below	 and	 represent	 a	 cline	 along	 an	
‘authoritative-dialogic’	 continuum	 (Mortimer	 and	 Scott,	 2003),	 as	 discussed	 in	 the	 previous	
chapter.		
1. Teacher	monologue		












(I	 -initiation),	 learners	 response	 (R),	 learners	 provide	 one	 word/short	 answers	 which	 the	
teacher	 evaluates	 (E)	 as	 correct	 or	 not;	 the	 purpose	 is	 generally	 to	 check	 on	 learners’	
understanding.		
4. Dialogic	exchanges		
Teacher-led	question	and	answer	with	 the	 teacher	providing	 feedback	 that	prompts	a	 further	
exchange.	Indicators	of	this	form	of	classroom	interaction	are	as	follows:		
• IRFRF	interactions	are	extended	over	several	turns;	
• Teacher’s	 feedback	 responds	 to	 and	 builds	 on	 learners’	 responses	 (contingent	
responsiveness);	





‘IRE’	 (Mehan,	 1979)	 rather	 than	 ‘IRF’	 (Sinclair	 &	 Coulthard,	 1975)	 to	 represent	 such	 triadic	 dialogue,	 as	 the	
‘evaluation’	moves	 captures	 the	 closing	 down	 of	 dialogue	 in	 such	 interactions.	 The	 ‘F’	 or	 feedback	move	 in	 	 ‘IRF’	






Exposition	 initiated	by	 learners,	which	might	 be	 supported	by	 the	 teacher:	 the	 teacher	might	
simply	 accept	 the	 learners’	 contributions	without	 comment;	 or	 the	 teacher	might	 affirm	 their	






Learners	 ask	 questions	 to	 the	 class	 or	 group	 and	 the	 teacher	 manages	 the	 process.	 	 The	
structure	is	that	of	IRE	with	occasional	extended	exchanges,	but	with	the	initiation	(I)	move	by	a	
learner	rather	than	the	teacher.	
Once	 the	 discourse	 patterns	 had	 been	 coded,	 the	 chunks	 of	 discourse	were	mapped	 onto	 the	















The	 instances	 of	 bridging	 discourses	 and	were	mapped	 onto	 the	 lesson	 episodes	 in	 the	 excel	
spreadsheets;	 in	addition	they	were	counted	and	presented	graphically,	 to	 identify	patterns	of	
practice;	and	the	examples	from	the	transcripts	were	provided.		
Bilingual	classroom	practices	
As	 described	 in	 the	 literature	 review,	 a	 common	 practice	with	 teachers	 in	 classrooms	where	
learners	are	not	full	proficient	in	the	language	medium,	is	for	teachers	to	switch	to	the	learners’	
home	language	for	a	range	of	purposes.	This	could	be	described	as	a	form	of	‘bridging	discourse’	
along	 with	 those	 described	 in	 the	 previous	 section.	 However	 because	 the	 question	 of	 the	




Accordingly,	 the	 lesson	 transcripts	 were	 coded	 for	 the	 use	 of	 English	 and	 isiXhosa	 by	 the	
teachers	and	learners	in	terms	of:		
• word	counts	for	each	language	for	teachers	and	learners;	

















lesson	 by	 underlining	 and	 numbering	 facts	 presented	 in	 each	 episode	 in	 the	 transcripts;	 and	




the	 number	 of	 words	 spoken	 by	 the	 teacher	 and	 by	 the	 learners	 for	 each	 stretch	 of	 coded	
discourse.	At	the	same	time	I	counted	how	many	words	by	teachers	and	learners	were	spoken	
in	English	and	how	many	were	spoken	in	isiXhosa.	In	this	way	I	arrived	at	patterns	of	language	
use	 for	each	 lesson	episode,	 in	 terms	of	discourse	 interaction	patterns	and	bilingual	 language	
use,	which	were	mapped	onto	the	lesson	content.		








The	 criteria	 relating	 to	 science	 content	 knowledge	 were	 used	 to	 arrive	 at	 some	 conclusion	
regarding	 the	 opportunity	 to	 learn	 science	 in	 the	 sets	 of	 observed	 lessons	 for	 each	 teacher.		




4);	 these	 are	 tabulated	 under	 episode	 number,	 organisation	 of	 learning,	 and	 lesson	 content.	
They	are	 intended	 to	provide	a	context	and	 reference	point	 for	 the	data	presentation,	as	only	
relatively	short	excerpts	from	the	transcripts	are	practicable.	
Conclusion		
This	 chapter	 has	 spelt	 out	 the	 research	 approach,	 research	 design,	 including	 data	 collection	
methods,	analysis	criteria	and	data	analysis	processes,	that	were	employed	to	answer	the	main	
research	question:	 In	what	ways	did	 the	 lesson	content	and	 the	classroom	 language	practices	
combine	 to	 construct	 or	 constrain	 the	 opportunity	 to	 learn	 science?	 In	 addition	 questions	
relating	to	the	validity	and	generalizability	of	the	research,	and	the	measures	taken	to	address	
ethical	concerns	were	discussed.	












The	 analysis	 of	 the	 data	 has	 disaggregated	 the	 teachers’	 practices	 and	 in	 so	 doing,	 the	
individuality	of	teachers	and	their	contexts	has	been	stripped	out.	This	section,	which	is	based	
on	 the	 teacher	 interviews	 and	 on-site	 observations	 and	 conversations,	 therefore	 sets	 out	 to	
provide	a	broad	description	of	 each	of	 the	 teachers	 and	 their	 teaching	 contexts:	 the	 teacher’s	
background,	 their	 school	 and	 infrastructure,	 the	 learners,	 teaching	 resources	 and	 general	
observations.	
Teacher	A	
Teacher	A	had	19	years	 teaching	experience	 and	he	had	been	principal	 of	his	 school	 for	nine	






amidst	 rolling	 grassy	 hills	 and	 scattered	 homesteads.	 The	 school	 buildings	 consisted	 of	 two	
facing	 classroom	 blocks,	 opening	 onto	 raised	 covered	 verandahs,	 and	 joined	 at	 one	 end	 by	 a	














School	 A	 was	 a	 senior	 primary	 school	 from	 Grade	 R	 to	 Grade	 9,	 with	 307	 learners	 and	 11	
teachers,	 including	the	principal.	There	were	27	 learners	 in	 the	Grade	8	class	–	18	girls	and	9	
boys	 –	 with	 attendance	 fluctuating	 between	 27	 and	 24	 learners	 over	 the	 five	 days	 of	
observation:	 for	 example	 on	 one	 day	 the	 boys	 came	 late	 because	 they	 had	 to	 take	 cattle	 for	
dipping	–	a	common	task	in	rural	areas.	Learners	were	seated	in	four	groups.	
	According	to	Teacher	A,	the	economic	background	of	the	learners	was	‘not	quite	well’	because	
many	 were	 living	 with	 elderly	 grandparents	 while	 their	 parents	 looked	 for	 work	 in	 the	 big	
towns	 or	 cities;	 and	 some	 lived	 with	 relatives	 who	 were	 reluctant	 to	 provide	 the	 necessary	
support;	so	many	learners	dropped	out	and	it	was	difficult	to	collect	the	school	contributions	of	
R35	per	annum.	Many	learners	could	not	afford	school	uniforms	or	shoes	but	Teacher	A	insisted	
that	 they	should	still	attend	school	and	not	be	made	to	 feel	embarrassed	by	other	 learners	or	
teachers:	‘I	make	it	a	culture	in	our	school	that	if	a	learner	comes	to	school	without	shoes	they	
must	not	laugh	at	him	or	her	…	we	don’t	want	them	to	feel	small	and	then	leave	the	school.’		
The	 school	 received	 a	 budget	 for	 paper	 from	 the	 Department	 of	 Education,	 but	 they	 had	 no	
science	equipment;	and	the	school	only	received	about	half	the	textbooks	that	were	ordered,	so	
the	supply	of	 science	 textbooks	was	 ‘scanty’.	The	school	had	received	donations	of	books	and	
toys	 from	 NGOs	 such	 as	 Rally	 to	 Read	 and	 ‘Avisa’,	 but	 ironically	 Teacher	 A	 claimed	 that	 the	






appeared	 to	 be	 little	 teaching	 happening	 in	 other	 classrooms;	 Teacher	 A	 had	 to	 leave	 his	
classroom	several	 times	 to	go	and	 restore	order	when	 the	noise	 from	unattended	classrooms	







went	 to	 school	 and	 matriculated	 and	 then	 completed	 a	 Senior	 Primary	 Teacher’s	 Diploma,	
specializing	in	mathematics	and	general	science.	He	had	24	years	teaching	experience	and	had	
been	 principal	 at	 the	 school	 for	 16	 years.	 He	 had	 completed	 a	 further	 diploma	 in	 science	
teaching;	 and	was	 studying	 for	 a	 BED	Hons	 degree	 in	 science	 education.	 He	was	 considering	
enrolling	 for	 a	masters	 degree	 in	 science	 education,	 depending	 on	 available	 funding.	 He	was	
teaching	General	Science	to	Grades	7,	8	and	9;	and	Arts	and	Culture	to	Grade	9.		
School	 B	 was	 a	 Senior	 Primary	 School	 (Grades	 R-9)	 situated	 in	 a	 rural	 village,	 was	 also	
surrounded	by	rolling	grassy	hills	with	some	thatched	huts	and	brick	homesteads	nearby.	There	
were	 seven	 classrooms	 in	 two	 rows	which	had	been	built	 by	 the	 community,	 so	 although	 the	
walls	were	brick,	the	floors	were	mud	and	dung	and	this	meant	that	they	had	to	be	re-smeared	
each	week:	 school	 closed	 early	 on	 Fridays	 so	 that	 girls	 could	 collect	 fresh	 dung	 from	 nearby	
homesteads	 and	 water	 from	 the	 river.	 However	 the	 scraping	 of	 chairs	 over	 the	 floor	 meant	





but	 there	 had	 been	 no	 response.	 The	 SBG	 had	 recently	 raised	 funds	 from	 Transnet	 to	 build	
another	 classroom	 with	 brick	 walls	 and	 a	 cement	 floor,	 with	 labour	 being	 supplied	 by	 the	




brought	 a	 supply	 of	 water	 to	 school	 for	 conducting	 science	 experiments.	 There	 were	 some	
dilapidated	 looking	 pit	 toilets	 about	 30	 metres	 from	 the	 classroom	 blocks.	 	 There	 was	 no	
electricity:	 the	 school	 had	 recently	 been	 wired	 for	 solar	 power	 but	 no	 sooner	 had	 the	 solar	
panels	been	installed	than	they	were	stolen.	
The	 school	 had	 no	 principal’s	 office	 or	 staff	 room,	 so	 in	 their	 free	 periods,	 teachers	 would	
occupy	a	corner	of	a	classroom	while	another	teacher	was	teaching.	The	principal	used	his	car	
as	an	office.		
There	were	336	 learners	 and	 ten	 teachers;	 and	because	of	 the	 shortage	of	 classrooms	 (seven	
classrooms	 for	nine	classes),	Grades	3	and	4	were	combined,	 as	were	Grades	5	and	6.	 	 In	 the	
Grade	8	science	class	there	were	37	learners:	24	girls	and	13	boys.	
According	 to	Teacher	B,	 the	 economic	background	of	 the	 learners	was	poor;	many	 lived	with	
grandparents	and	parental	support	was	sporadic;	some	 lived	with	single	mothers.	School	 fees	
were	 R5	 per	 month	 for	 Grade	 R,	 to	 supplement	 the	 R1000	 per	 month	 salary	 paid	 by	 the	
government;	the	Foundation	Phase	fees	were	R20	per	annum;	R30	for	the	Intermediate	Phase;	
and	R50	for	the	Senior	Phase.		
The	 school	 received	 a	 budget	 for	 stationery	 and	 textbooks	 and	 could	 order	 accordingly.	 The	















-	 but	 in	 Management.	 She	 was	 teaching	 Grades	 8	 and	 9	 science,	 and	 Grades	 7,	 8	 and	 9	
mathematics.		
School	 C	 was	 a	 senior	 primary	 school	 (Grades	 R-9),	 situated	 in	 a	 beautiful	 rural	 area	 in	 the	
foothills	of	the	Drakensberg,	along	a	badly	rutted	dirt	road	that	was	bare	rock	in	many	places.	
The	classrooms	are	built	along	three	sides	of	a	rectangle	with	one	section	built	of	mud	bricks	by	





school	principal,	 they	were	unwilling	 to	do	so	without	payment,	and	only	 the	members	of	 the	









23	 learners:	 13	 girls	 and	 10	 boys	who	were	 seated	 in	 groups.	 Teacher	 C	 explained	 that	 few	
learners	 lived	 with	 their	 parents	 –	 most	 lived	 with	 their	 grandparents	 while	 their	 parents	
worked	 in	 the	cities.	The	school	 fees	were	R10	per	annum	for	 the	Foundation	Phase	 learners;	
R20	 for	 the	 Intermediate	 Phase	 and	 R40	 for	 the	 Senior	 Phase.	 The	 fees	 were	 used	 for	
maintenance,	 for	 transport	 to	 sporting	 events	 and	 other	 extra-mural	 events	 such	 as	 choir	
competitions.		




On	 one	 day	when	 I	was	 early	 for	 the	 Grade	 8	 science	 lesson	 I	walked	 around	 and	 found	 the	
Grade	 1	 and	 2	 classes	 cooped	 up	 in	 the	 mud	 brick	 classrooms	 –	 dark	 and	 dusty	 with	 no	
equipment,	only	a	piece	of	board	propped	up	on	a	chair	that	might	have	served	as	a	chalkboard;	
and	the	learners	waiting	patiently	for	a	teacher	to	appear;	very	excited	to	see	a	visitor.		
On	 the	Friday,	 there	was	no	 formal	 tuition	as	 the	choir	was	going	 to	be	competing	 in	a	music	
competition	 in	 the	 closest	 small	 town	 and	 so	 the	 teachers	 were	 either	 going	 to	 help	 with	
transport	or	going	to	attend	to	support	the	choir.	Teacher	C	agreed	to	specially	teach	the	Grade	
8	science	class,	 to	make	up	the	 fifth	 lesson	so	that	 I	would	not	have	to	make	a	return	trip	 the	






Teacher	 D	 had	 grown	 up	 in	 a	 different	 district	 from	 that	 where	 she	 was	 teaching.	 She	 had	











the	 outside	 of	 the	 school	 buildings	 and	 the	 principal	 was	 arranging	 that	 at	 the	 time	 of	 the	
observation.	





with	 their	 grandparents	while	 their	 parents	worked	 in	 the	 towns	 and	 cities	 but	 they	 did	 not	











one	 textbook,	but	 the	 school	did	not	have	a	photocopier,	 so	 she	 routinely	wrote	notes	on	 the	
chalkboard	for	learners	to	copy.	
During	 the	 observation	week,	 teaching	was	disrupted	by	 a	 sports	 day	 on	 the	Thursday	when	
there	was	no	tuition	and	on	the	next	day,	a	Friday,	there	was	poor	attendance	and	there	seemed	





school	 and	 then	moved	 to	 live	with	 his	mother’s	 family	 in	 a	 town	 to	 complete	 his	 secondary	
education.	Thereafter	he	completed	a	three-year	teaching	diploma	at	a	teacher	training	college,	





by	 brick	 houses.	 It	 was	 a	 fairly	 old	 but	 solid	 brick	 building	 with	 three	 parallel	 rows	 of	















as	 Johannesburg	 and	 Port	 Elizabeth.	 The	 school	 fees	 had	 been	 raised	 from	 R50	 to	 R100	 per	
annum	 the	 previous	 year,	 but	 many	 families	 could	 not	 afford	 this	 and	 the	 principal	 had	 to	




so	 teachers	 borrowed	 from	 other	 schools	 when	 they	 could.	 The	 Grade	 8	 class	 had	 some	
textbooks	 –	 about	 one	 per	 group	 of	 six	 learners;	 but	 Teacher	 E	 felt	 the	 textbook	was	 ‘really	
irrelevant’	 and	 ‘a	 bit	 complicated’	 and	 learners	 ‘just	 get	 stuck	 there’	 because	 they	 did	 not	













completed	 a	 Secondary	Teacher’s	Diploma,	 specialising	 in	Biology	 and	Geography	 but	 he	 had	
qualified	 in	 the	year	 in	which	redeployment	was	 introduced	and	posts	were	 frozen	and	so	he	
had	 not	 been	 able	 to	 get	 a	 teaching	 post	 immediately.	 After	 a	 year	 he	 had	 found	 a	 position	
teaching	 in	 the	 adult	 education	 sector;	 and	 then	 a	 temporary	 post	 for	 six	 months	 when	 he	
taught	 Natural	 Science,	 Biology	 and	 English	 (eight	 classes);	 then	 he	 was	 unemployed	 for	 a	
further	seven	months	before	obtaining	his	current	temporary	post,	which	he	had	occupied	for	a	
year.		
School	 F	was	 built	 on	 a	 steep	hillside	 in	 the	 township.	 It	was	 an	 older	 building,	 consisting	 of	
parallel	 rows	 of	 classrooms	 opening	 onto	 covered	 verandahs,	 neatly	 painted	 outside	 and	 the	
classrooms	bright	and	clean.	The	school	was	 fenced	and	secure.	There	was	a	principal’s	office	











schools	when	 they	could.	Most	 learners	 in	 the	Grade	8	class	had	a	 science	 textbook	but	 some	
had	to	share.		
It	 appeared	 that	 the	 school	 stuck	 to	 the	 timetable	 on	 the	 whole,	 but	 during	 the	 observation	




Teacher	G	had	grown	up	 in	 the	area,	 and	completed	a	 three-year	Primary	Teacher’s	Diploma,	
specializing	 in	 science.	 She	 had	 18	 year’s	 teaching	 experience	 and	 had	 completed	 a	 Further	
Diploma	in	Education	in	Management.	





wind	 sneaked	 through	 chinks	 around	 the	 window	 frames	 and	 door	 and	 through	 broken	
windowpanes;	 the	cold	seeped	up	 from	the	 floor.	The	school	had	water	 from	rainwater	 tanks	
and	some	corrugated	iron	toilets	some	way	off.	The	school	had	been	supplied	with	solar	panels	
for	 electricity	 but	 these	 had	 been	 stolen.	 The	 classrooms	 could	 not	 lock	 and	 so	 it	 was	 not	
possible	to	store	anything	of	value	in	the	classrooms.		















corner	 there	was	a	small	 collection	of	English	short	 story	books	 that	had	been	donated	by	an	
American	NGO.		
The	school	did	not	have	any	science	equipment	but	Teacher	G	had	borrowed	a	science	kit	in	a	








year	 Secondary	 Teacher’s	 Diploma	 and	 after	 six	 years	 at	 another	 school,	 moved	 to	 School	 H	






School	 H	 was	 a	 large	 secondary	 school	 in	 a	 very	 large	 township.	 There	 were	 nearly	 1800	
learners	 and	 35	 teachers,	 so	 class	 sizes	 were	 large.	 The	 building	 was	 a	 relatively	 new	 and	
double	storied,	with	running	water,	flush	toilets	and	electricity.	The	school	employed	a	cleaner,	
a	 gardener	 and	 a	 gateman.	 The	 school	 looked	 neat	 and	 clean,	 with	 masses	 of	 flowering	
chrysanthemums	 along	 the	 paved	 pathway	 to	 the	 entrance.	 The	 school	 had	 previously	
performed	 very	 badly	 in	 the	 Grade	 12	 matric	 examination	 and	 had	 been	 plagued	 by	
management	 problems	 and	 conflict	 between	 staff	 factions.	 Four	 years	 previously	 the	




pay	 the	 school	 fees	 of	 R150	 per	 annum.	 According	 to	 one	 of	 the	 teachers,	 there	 were	 social	
problems	and	some	learners	were	 involved	in	crime	and	sometimes	the	police	would	come	to	
the	school	to	arrest	learners;	the	previous	week	about	30	boys	had	been	taken	to	the	principal’s	













The	 school	 appeared	 well	 ordered,	 with	 teachers	 rushing	 off	 to	 their	 classes	 after	 morning	







Clearly	 the	 material	 conditions	 in	 schools	 and	 the	 resources	 available	 for	 teaching	 science	
would	 affect	 the	 opportunities	 for	 learning	 science.	 The	 following	 four	 chapters	 provide	 an	
analysis	of	the	opportunity	to	 learn	science	afforded	by	the	science	content	of	 lessons	and	the	
language	used	to	construct	that	science	content;	this	chapter	has	provided	a	descriptive	context	





What	 became	 clear	 was	 the	 wide	 gap	 between	 the	 rural	 and	 township	 schools	 in	 terms	 of	
infrastructure,	with	many	 rural	 schools	 falling	 far	 short	 of	meeting	 the	most	 basic	 conditions	















CHAPTER	 FIVE:	 SCIENCE	 CONTENT	OF	 LESSONS	AND	 THE	OPPORTUNITY	 TO	
LEARN	
As	 described	 in	 Chapter	 Three,	 the	 transcriptions	 of	 the	 forty	 Grade	 8	 science	 lessons	 were	
analysed	 for	 the	 opportunities	 to	 learn	 science	 that	 they	 afforded	 the	 learners	 in	 the	 eight	
classes	in	the	study.		
Science	content	in	the	observed	lessons		
The	TIMMS	 video	 study	 (Roth	 et	 al,	 2006)	 that	 examined	 the	 opportunity	 to	 learn	 science	 in	
Grade	 8	 classrooms	 in	 five	 countries	 provided	 a	 model	 for	 analysing	 the	 science	 content	
knowledge	presented	in	the	observed	lessons	in	this	research	study.	The	criteria	for	coding	the	










and	 illustrated	with	 excerpts	 from	 the	 lesson	 transcripts.	 In	 this	 section,	where	 isiXhosa	was	
used	 by	 teachers	 and	 learners,	 only	 the	 English	 translation	 has	 been	 presented,	 so	 as	 to	






(Note:	 In	 the	 transcript	excerpts,	 three	dots	 indicates	an	untimed	pause;	 three	dots	 in	 square	
parenthesis	 […]	 indicates	 that	 the	 transcript	 excerpt	 has	 been	 edited	 to	 leave	 out	 chunks	 of	
talk.)	











two	 things	 that	 are	mixed,	 what	 do	 they	 do,	 do	 they	 change?	Mhmm	 ...?	 They	 don’t	 change	 i-
properties	remain	the	same,	heh?	They	remain	the	same,	properties	remain	the	same.		
	 	 	 	 	 	 	 (Lesson	B1,	episode	1)	
Example	2:	
Teacher	C:	So	we	have	the	three	states	of	matter	that	is	the	gases,	the	liquids	and?	And	the	solids.	







	 	 	 	 	 	 	 (Lesson	G2,	episode	19)	 	
Example	4:	



































talk	 time	 on	 science	 content,	 rather	 than	 total	 public	 talk	 time	 (which	 would	 have	 included	















































































































similar	 to	 the	 international	 data	 from	 the	 TIMSS	 Video	 Study,	 where	 canonical	 knowledge	
predominated	 in	 public	 talk	 about	 science	 content,	 but	 at	 lower	 levels	 overall:	 between	 46%	
(USA)	and	66%	(Czech	Republic).		
Real-life	issues	
However,	 in	 the	case	of	Teacher	E,	 it	was	real-life	 issues	 that	predominated	 in	all	 five	 lessons	
(87%),	as	learners	reported	back	on	saving	water	and	various	aspects	of	pollution.		So	while	the	
literature	 on	 science	 teaching	 recognizes	 the	 value	 of	making	 links	 between	 science	 concepts	
and	 learners’	own	experiences	(see	Roth	et	al.,	2006,	p.	121),	 the	 learners	 in	Class	E	had	very	


























As	 far	 as	 procedural	 and	 experimental	 knowledge	 is	 concerned,	 it	 was	 only	 Teacher	 B	 who	
included	practical	activities	and	knowledge	about	how	to	perform	such	activities	(31%)	in	all	of	
his	 lessons.	 	 In	 the	 lessons	of	 six	of	 the	other	 teachers	 (all	but	Teacher	E)	 there	were	 several	
practical	activities	but	 learners	were	told	what	 to	do,	with	 little	explicit	knowledge	developed	
on	 the	apparatus	or	processes	 involved,	and	so	 in	 these	 lessons,	procedural	and	experimental	
knowledge	 only	 amounted	 to	 between	 0%	 -	 6%	 of	 lesson	 content.	 	 This	 is	 in	 contrast	 to	 the	




learn	 more	 canonical,	 and	 procedural	 and	 experimental	 science	 knowledge,	 over	 their	 five	
lessons,	than	did	learners	in	the	other	seven	classes.		
Overall,	 it	 appears	 that	 students	 in	 seven	 out	 of	 the	 eight	 classes	 (all	 except	 Class	 E)	 were	
exposed	 mainly	 to	 canonical	 science	 content,	 with	 some	 real-life	 issues,	 much	 like	 their	
counterparts	 in	 the	 TIMSS	 video	 study;	 but	 that	 only	 in	 Teacher	 B’s	 classes	 were	 learners	





and	 experimental	 knowledge	 (between	 0	 –	 6%);	 and	 learners	 in	 this	 research	 sample	 were	
generally	exposed	to	more	real-life	issues	than	those	in	the	TIMSS	video	study.		
Grading	of	teachers’	practices	for	OTL	science	and	types	of	science	knowledge	
On	 the	 basis	 of	 this	 analysis	 the	 practices	 of	 the	 teachers	 have	 been	 graded	 in	 terms	 of	 the	









the	 way	 of	 real	 life	 issues,	 although	 some	 relevant	 examples	 were	 included.	 Nevertheless	 is	
appears	that	the	OTL	science	would	have	been	relatively	good	in	Teacher	B’s	 lessons.	(Graded	
OTL	3	–	good).	










develop	 procedural	 and	 experimental	 knowledge	 or	 to	 understand	 science	 as	 having	 an	
empirical	basis.		(Graded	OTL	1	–	poor).	
Teacher	E	(CK	13;	PEK	0;	RLI	87):	 learners	were	exposed	to	mainly	real	 life	 issues;	very	 little	
canonical	 knowledge;	 and	 no	 procedural	 and	 experimental	 knowledge.	 This	 seriously	
compromised	their	OTL	science.	(Graded	OTL	0	–	very	poor).	
	Teacher	 F	 (CK	 79;	 PEK	1;	 RLI	 20):	 learners	 in	 Class	 F	were	 exposed	 to	 a	 high	 percentage	 of	
canonical	knowledge,	but	 there	was	only	one	practical	activity	 in	 the	 five	 lessons	(F2),	and	so	
little	 opportunity	 to	 appreciate	 the	 empirical	 basis	 of	 science	 knowledge.	 There	 were	 a	
substantial	percentage	of	facts	relating	the	topic	of	the	lessons	-	electricity	–	to	real	life	issues.	
(Graded	OTL	1	–	poor).	
Teacher	 G	 (CK	 60;	 PEK	 6;	 RLI	 35):	 learners	 were	 exposed	 to	 all	 three	 types	 of	 science	
knowledge;	 although	 the	 percentage	 of	 explicit	 procedural	 and	 experimental	 knowledge	was	
low,	considering	that	there	were	practical	activities	in	three	out	of	the	five	lessons	(G1,	G2,	G4).	
The	 relatively	 high	 levels	 of	 lesson	 content	 related	 to	 real	 life	 issues	 reflected	 the	 extended	
group	reporting	by	learners	in	two	of	the	five	lessons	(G3	and	G5).	(Graded	OTL	2	-	partial).	
Teacher	 H	 (CK	 88;	 PEK	 2;	 RLI	 10):	 learners	 were	 exposed	 to	 all	 three	 types	 of	 science	
knowledge	 but	 little	 explicit	 procedural	 and	 experimental	 knowledge,	 despite	 there	 being	
practical	activities	in	three	out	of	the	five	lessons	(H1,	H2,	H3)	(Graded	OTL	2	-	partial).	
Table	5.1.	Grading	of	OTL	science	in	terms	of	science	content	in	lessons	
Teacher	 A	 B	 C	 D	 E	 F	 G	 H	

















In	 this	 research	 study,	 the	 science	 facts	 per	 lesson	 were	 coded	 in	 terms	 of	 their	 source,	 and	
counted,	 to	 arrive	 at	 the	 charts	 in	 Figures	 5.6.	 and	 5.7..	 So	 again,	 the	 data	 is	 not	 directly	
comparable	 to	 the	TIMSS	 video	 study	 but	 the	 relative	 proportions	 do	provide	 some	basis	 for	








































TIMSS	 video	 study,	 but	 coded	 separately	 in	 this	 study	 as	 it	 was	 the	 main	 source	 of	 lesson	












































What	was	 also	notable	was	 the	high	 levels	 of	 lesson	 content	 coming	 from	 learners	 in	Class	E	
(75%)	and	Class	H	(43%)	as	a	result	of	lengthy	group	presentations.		
There	was	 little	use	made	of	textbooks	by	 learners	 in	 the	observed	 lessons,	although	six	out	of	
the	eight	teachers	(all	except	teachers	D	and	H)	said	they	had	some	textbooks	to	share	among	



























he	handed	out	photocopied	pages	 from	 the	 textbook	 for	 two	activities;	 but	 as	 there	was	only	








lesson	 that	 learners	 had	 difficulty	 in	 reading	 and	 understanding	 the	 different	 scenarios	
presented,	 despite	 the	 teacher	 reading	 them	 aloud	 and	 translating	 at	 times	 to	 explain;	 and	




Learner:	 (reading	 from	 paper)	 Boreholes	 are	 holes	which	 are	 driled	 (sic)	 deep	 down	 into	 the	








pump	 so	 that	 people	 collecting	water	 in	 the	 village	would	 simply	 fill	 their	 buckets	 from	 a	 tap	
(direct	quotation	from	text	re	Scheme	A).	









In	 lesson	B3,	 the	teacher	got	 learners	to	 look	up	the	definition	of	 ‘properties’	and	 ‘reaction’	 in	
the	textbook	glossary	and	dictionaries;	and	learners	worked	on	a	summative	exercise	from	their	
textbooks	in	Lesson	B5,	at	the	conclusion	of	a	series	of	lessons	on	separating	mixtures.	But	this	
was	 the	 extent	 of	 explicit	 and	 effective	 textbook	 use	 by	 the	 teachers	 in	 the	 forty	 observed	
science	lessons.		
Although	 there	was	 little	 use	made	of	 textbooks	 by	 learners	 in	 class,	 it	was	 evident	 from	 the	
lessons	 that	 at	 least	 six	 of	 the	 teachers	 (all	 except	 E	 and	 H)	 were	 following	 the	 textbook	
materials	 in	 presenting	 their	 lessons.	 So	 the	 textbook	 content	 was	 mediated	 orally	 by	 the	
teachers,	 but	 the	 learners	 did	 not	 engage	 directly	 with	 the	 textbooks	 in	 class,	 except	 for	 the	
limited	examples	from	Teacher	B’s	lessons.		
Teacher	D	and	Teacher	H	compensated	for	the	 lack	of	 textbooks	 in	their	classes	by	writing	up	
notes	on	the	chalkboard	 for	 learners	to	copy	down;	this	was	done	systematically	by	Teacher	D	
(see	 example	 lesson	 summary	 D1,	 episode	 4)	 in	 four	 out	 of	 the	 five	 observed	 lessons	 and	
learners	were	given	time	to	copy	down	the	notes	in	class	(these	notes	were	not	entirely	correct	
–	 see	 section	 on	 accuracy	 of	 lesson	 content).	 Teacher	 H	wrote	 up	 notes	 for	 learners	 to	 copy	
down	in	Lesson	H3	(information	was	partly	incorrect	and	unsystematic);	and	told	the	class	she	
would	 give	 them	 notes	 the	 following	 week,	 on	 the	 material	 on	 seed	 germination	 covered	 in	
Lesson	H5.		The	other	teachers	all	used	the	chalkboard	to	highlight	key	points	in	the	lesson;	and	
the	case	of	Teachers	B	and	G,	to	illustrate	and	explain	experiments	when	they	did	not	have	the	






In	 the	 observed	 lessons,	 there	 was	 almost	 no	 use	 made	 of	 teacher-designed	worksheets	 as	 a	
source	of	science	knowledge.	In	Lesson	H1	the	teacher	handed	out	a	worksheet	with	questions	
based	on	the	lesson	content;	but	this	was	a	very	simple	consolidation	exercise	and	not	the	main	
source	 of	 science	 content	 in	 the	 lesson.	 Mostly	 such	 consolidation	 exercises,	 where	 they	
occurred,	 were	 written	 up	 by	 teachers	 on	 the	 chalkboard.	 Teacher	 D	 also	 handed	 out	 a	
worksheet	in	Lesson	D1	–	but	this	was	a	hand	written	copy	of	an	activity	in	the	textbook	(rather	
than	a	photocopy).		







in	Class	E	 (of	which	24%	was	off	 the	point),	 and	43%	by	 learners	 in	Class	G.	 	 It	 appears	 that	
Teacher	 E	 had	 abdicated	 his	 role	 as	 source	 of	 knowledge,	 as	 his	main	 focus	 in	 the	 observed	













to	 textbooks	 and	 dictionaries,	 with	 the	 appropriate	 reading	 skills	 modeled	 (graded	 OTL	 3	 -	
good).	The	rest	of	the	teachers	(excluding	Teacher	E)	were	graded	OTL	2	–	partial	-	as	in	their	




Teacher	 A	 B	 C	 D	 E	 F	 G	 H	
Grading	 2	 3	 2	 2	 1	 2	 2	 2	
	
Accuracy	of	science	knowledge	
A	 feature	 of	 the	 body	 of	 science	 knowledge	 is	 that	 it	 strives	 to	 explain	 the	 workings	 of	 the	
natural	world	in	terms	of	generalisable	concepts	and	principles	that	are	empirically	verifiable;	
and	 fundamental	 to	 this	 is	 precise	 and	 accurate	meanings.	 As	 noted	 in	 the	 previous	 chapter,	
accuracy	of	science	knowledge	was	not	a	category	in	the	TIMSS	video	study	analysis	but	it	has	


















	 	 	 	 	 	 (Lesson	A4,	episode	1)	
















Teacher	 A:	 Now	 ...	 okay	 we	 said	 that	 a	 force	 produces	 action,	 okay?	 Or	 a	 force	 produces	
movement,	okay?	Now	as	a	result	of	the	movement	of	a	force.	Eh	…	can	I	(indistinct)	something	
else?	As	 the	result	of	 the	movement	of	 the	 force…	(coded	 incorrect)	 if…there	 is	a	motion	that	
takes	place	because	of	a	force	people	say	that	…	people	say	that	work	has	been	done.	If	the	force	
produces	 action	 or	movement	we	 say	 that	 force	 has	 bee…I	mean	work	 has	 been	 done.	 Okay?	
(coded	correct)		 	 	 	 	 	
	 	 	 	 	 	 	 (Lesson	A4,	episode	5)	
Example	3	from	the	same	lesson,	illustrates	the	code	‘partly	correct’,	where	the	science	content	
was	 unclear,	 or	 not	 quite	 accurate,	 or	 incomplete.	 In	 this	 part	 of	 the	 lesson,	 Teacher	 A	 got	
learners	to	read	off	a	measurement	from	a	spring	balance	which	he	had	hung	from	the	edge	of	
the	desk	and	so	learners	had	to	crouch	down	to	read	off	the	measurement	correctly.		Teacher	A	
referred	 to	 the	 'error	of	parallax'	but	did	not	explain	 it,	 so	 this	 is	coded	 ‘partly	correct’	as	 the	
meaning	 was	 unclear.	 The	 next	 statement	 was	 coded	 ‘incorrect’,	 as	 boiling	 water	 would	 not	
have	a	meniscus	(and	even	if	the	word	meniscus	was	used	correctly,	it	was	not	explained).		
Example	3:		
Teacher	A:	And	now	what	 is	 important…what	 do	 you	usually	 say	 in	measuring,	 in	measuring?	
They	 say	 you	 must	 avoid	 the	 error	 of	 parallax,	 okay?	 You	 must	 avoid	 the	 error	 of	 parallax.	
(writing	on	board)		
	 	 Error	of	parallex	(sic)	
Error	 …	 of	 …	 parallax.	 You	 must	 avoid	 the	 error	 of	 …	 parallax.	 …	 (teacher	 demonstrates	






















































and	 water	 could	 form	 a	 solution.	 Although	 Teacher	 B	 stated	 correctly	 that	 sand	 could	 not	
dissolve	 in	 water,	 he	 appeared	 to	 understand	 ‘solution’	 to	 mean	 any	 substance	 mixed	 with	
water.	 However	 the	 definition	 of	 a	 solution	 is	 that	 one	 component	 dissolves	 in	 another	




	 	 	 	 	 	 (Lesson	B3,	episode	2)	





At	 the	other	 end	of	 the	 scale,	 in	Teacher	F’s	 lessons	only	58%	of	 science	 content	 overall	was	
correct;	 and	 in	 Lesson	 F4	 (the	 uses	 of	 electricity	 and	 resistors)	 and	 Lesson	 F5	 (series	 and	
parallel	circuits	and	fuses)	the	percentage	of	correct	content	was	even	lower	at	51%	and	36%	
respectively.	Some	of	the	misconceptions	are	described	as	follows:	
One	 of	 the	 key	 concepts	 in	 Lesson	 F4	 was	 that	 of	 resistors	 in	 electric	 circuits.	 The	 correct	
explanation	 of	 resistors	 is	 as	 follows:	 a	 resistor	 is	 a	 poor	 conductor	 of	 electricity	 (semi-
conductor).	When	the	electric	current	reaches	a	resistor	in	a	circuit,	then	the	flow	of	the	current	
is	 slowed	down	and	 the	resistor	heats	up.	 In	 this	way	electrical	energy	 is	 converted	 into	heat	












This	 (indicating	 pictures	 of	 heating	 appliances)	 give	 us	 heat	 and	 this	 (indicating	 pictures	 of	
television,	 radio,	 lights)	 give	 us	 what	 they	 give	 us	 which?	 Sound	 and	 light.	 Eh	 …	 here	 is	 in	




	 	 	 	 	 	 	 (Lesson	F4,	episode	2)	
• ‘Electric	current’	and	‘heat’	were	used	interchangeably.		 	
Teacher	F:	That	element	holds	on	to	heat.	Then	after	some	time	it	will	become	more	hot,	okay?		
	 	 	 	 	 	 	 (Lesson	F4,	episode	2)	
The	 consolidation	 exercise	 at	 the	 end	 of	 Lesson	 F4	 required	 learners	 to	 classify	 household	

















metal	 objects;	 but	he	 likened	magnetic	 attraction	 to	being	 choked	 (i.e.	 shocked)	by	electricity	
which	is	incorrect.		
























	 	 	 	 	 	 (Lesson	A2,	episode	5)	
In	the	next	example,	Teacher	A	was	teaching	scientific	terms	after	separating	a	mixture	of	flour	
and	water	but	these	were	incorrect:	flour	and	water	form	a	suspension,	not	a	solution;	the	flour	
settles	 to	 form	a	 sediment,	not	a	 residue;	and	colloids	are	particles	 that	are	not	visible	 to	 the	
naked	eye	and	do	not	separate	out:	for	example	butter,	mayonnaise.	









the	 floating	 particles	 ..	 the	 floating	 …	 the	 floating	 particles	 …	 they	 form	what?	 They	 form	 the	
colloids.		
	 Floating	particles	form	colloids	
	 	 	 	 	 	 (Lesson	A2,	episode	14)	
Teacher	C	
In	 Teacher	 C’s	 lessons	 on	materials	 (lessons	 C4	 and	 C5),	 there	were	 several	misconceptions:	
Teacher	C	confused	artificial	materials	-	described	as		‘man-made’	in	the	textbook	-	with	objects	
that	were	man-made;	 so	when	 she	 elicited	 examples	 of	materials	 in	 the	 classroom	 that	were	
artificial,	 some	 such	 as	 wooden	 furniture	 were	 classified	 as	 artificial	 materials	 because	 the	
objects	themselves	were	‘man-made.’		
Teacher	 C:	 So	we	 have	 these	 four	 types	 of	 artificial	materials.	 That	 is	we	 have	 the	metals,	 the	
plastics,	 the	 bricks,	 and	 the	 wood	 and	 we’ve	 just	 give	 the	 examples	 in	 each	 type	 of	 material.	





	 	 	 	 	 	 	 (Lesson	C4,	episode	1)	








	 	 	 	 	 	 	 (Lesson	C4,	episode	1)	
Teacher	D	







H’s	 third	 lesson	 on	 reproduction	 and	 different	 kinds	 of	 fruit,	 the	 basis	 for	 classifying	 fruits,	
which	was	the	key	to	the	lesson,	was	incorrect	and	confused	–	this	is	explored	in	more	detail	in	
the	 section	on	 lesson	coherence.	Teacher	H	 indicated	 that	 the	primary	 classification	 for	 fruits	
was	 ‘dehiscent’	 and	 ‘indehiscent’	 –	 however	 this	 is	 a	 much	 lower	 level	 of	 classification	 (see	
example	below):	
Teacher	 H:	 Okay	 fruits	 are	 split	 into	 two	 groups.	 We	 have	 got	 the	 dehiscent	 fruit	 and	 the	









	 	 	 	 	 	 	 (Lesson	H3,	episode	3)	
Another	 basic	 misconception	 in	 Lesson	 H5	 was	 in	 relation	 to	 the	 germination	 of	
monocotyledonous	 and	 dicotyledonous	 seeds.	 In	 monocotyledons,	 the	 hypocotyl	 stays	
underground	and	forms	roots;	whereas	in	dicotyledons,	the	hypocotyl	grows	above	ground	and	
forms	 the	 stem;	 however,	 Teacher	 H	 referred	 several	 time	 to	 ‘the	 root	 growing	 above	 the	
ground.’			
Teacher	H:	It	(the	hypocotyl)	is	that	root	but	now	it	is	growing	above	the	soil.	
	 	 	 	 	 	 (Lesson	H5,	episode	3)	
Teacher	E	
In	 Teacher	 E’s	 lessons,	 75%	of	 lesson	 content	 came	 from	 learners	 and	 likewise	 the	 incorrect	
content;	but	this	was	not	corrected	by	Teacher	E	and	so	the	misconceptions	were	perpetuated.	
For	 example	 in	 Lesson	 E2	 on	 problems	 caused	 by	 air	 pollution,	 learners	 stated	 that	 heart	
disease	and	TB	were	such	problems;	and	in	Lesson	E4	on	land	pollution,	learners	claimed	that	
papers	 caused	 germs	 and	 one	 solution	 was	 that	 ‘people	 stop	 old	 cars’	 –	 this	 rather	 strange	




Again	 the	off	 the	point	 information	was	not	 corrected	by	 the	 teacher	whose	 focus	was	on	 the	





how	 to	propose	and	vote	 for	marks	 for	groups;	and	how	 to	clap	 in	unison.	 So	 for	example,	 in	







In	 fact	 the	 only	 points	 offered	 about	 saving	 water	 were	 to	 stop	 taps	 dripping	 and	 to	 stop	
children	playing	with	water.		
Teacher	G	




Teacher	G:	The	 sun	 radiates	 energy	 to	…	 to	 the	 soil.	Not	 all	…	not	 all	 the	…	not	 all	 the	 radiant	
energy	is	absorbed.	So	the	soil	absorbs	…	absorbs	…	the	soil	or	the	earth	absorbs	energy	from	the	
sun.	Not	all	…	not	all	the	energy	is	radiated	to?	To	the	soil.	Some	is	reflected	…	it	is	reflected	in	the	
atmosphere	back	to	the	atmos	…	back	to	the	air.	 	So	 it	 is	reflected	back	…	it	 is	reflected	back	 ...	
Those	 ...	 those	uh	 ...	 rays	 they	 are	 very	dangerous.	We	 call	 them	ultraviolet	 rays.	We	 call	 them	
ultra	…	ultraviolet	rays.		
	 	 	 	 	 	 	 (Lesson	G5,	episode	5)		











The	 National	 School	 Effectiveness	 Study	 (NSES)	 (Taylor,	 van	 der	 Berg	 &	 Mabogoane,	 2013)	
found	that	only	 ‘truly	sound	teacher	knowledge	 is	 linked	to	better	 learner	performance,	while	
teachers	 with	 some	 gaps	 in	 their	 knowledge	 do	 not	 produce	 significantly	 better	 learner	
achievement	 than	 teachers	with	 large	gaps’	 (p.	227);	and	 they	note	 that	 ‘it	 seems	self-evident	
that	insufficient	teacher	disciplinary	knowledge	creates	an	a	priori		barrier	to	learning’	(p.	228).		
It	also	seems	likely	that	particularly	with	a	hierarchical	knowledge	structure	such	as	science,	if	




accuracy,	 such	 as	 has	 been	 done	 in	 this	 study,	 provides	 a	 very	 rough	 indication	 of	 the	
opportunity	to	learn	science	along	this	dimension.	Meaning	is	developed	and	cumulates	over	a	
lesson	 and	 over	 lessons;	 and	 so	 information	 left	 out,	 as	 well	 as	 superfluous	 or	 distracting	
















The	 teacher	 interviews	 included	 questions	 on	 their	 highest	 science	 teaching	 qualifications,	












































































As	Table	5.4.	 shows,	Teacher	F,	with	 the	 lowest	percentage	of	 correct	 science	 content	 (58%),	





and	 76%	 respectively),	 had	 no	 post	 school	 science	 qualifications.	 Teacher	 A	 had	 19	 years	
experience	teaching	science;	Teacher	C	had	15	years	teaching	experience	but	only	three	years	
teaching	 science.	 Both	 teachers	 were	 engaged	 in	 further	 studies	 in	management	 rather	 than	
science.	
Teacher	 D	 (78%	 correct	 science	 content),	 had	 a	 teacher’s	 diploma	 with	 a	 science	 teaching	
specialisation,	but	had	done	further	studies	for	a	BComm	(Education)	degree	part-time,	and	so	
had	been	 teaching	 commerce	 subjects	but	had	 switched	 to	 teaching	 science	one	year	prior	 to	
the	data	collection.		
Teachers	E	and	H	also	had	teaching	qualifications	in	biology	but	not	in	natural	science;	both	had	
taught	 for	a	considerable	number	of	years:	18	and	21	years	 respectively;	 their	 lesson	content	
was	85%	and	81%	correct	respectively,	although	there	was	so	little	science	content	in	Teacher	





Teacher	 G	 had	 a	 Primary	 Teachers’	 Diploma	 in	 science	 teaching;	 and	 18	 years	 experience	
teaching	science	-	but	further	studies	in	education	management,	not	science	teaching–	and	her	
lessons	contained	87%	accurate	information.		
Teacher	 B	 had	 the	 highest	 levels	 of	 correct	 science	 information	 (97%),	 and	 1%	 incorrect	
information.	He	had	a	 teaching	qualification	 in	general	 science	and	had	been	 teaching	science	
for	 the	 longest	 of	 all	 the	 teachers:	 24	 years.	 In	 addition,	 he	 had	 studied	 further	 in	 science	
education,	with	a	diploma	in	science	education	and	a	BEd	Honours	degree	in	science	education.		
If	one	can	draw	any	conclusions	from	this	data,	 it	would	appear	that	the	teachers’	educational	
levels	 in	 science	 teaching	were	more	 important	 than	 their	 teaching	 experience,	 as	 one	 of	 the	
teachers	 with	 relatively	 long	 teaching	 experience	 (Teacher	 A	 –	 19	 years	 experience)	 scored	
second	lowest	in	terms	of	accuracy	of	science	content;	and	the	teacher	with	the	highest	level	of	
accuracy	 (Teacher	 B)	 had	 the	 highest	 level	 of	 science	 teaching	 qualifications.	 However	
experience	did	seem	to	count	 for	 something	as	 the	 three	 teachers	beside	Teacher	A,	who	had	
less	than	80%	of	correct	science	content,	all	had	been	teaching	science	for	3	years	or	less,	versus	
the	 other	 4	 teachers	who	had	 over	 80%	 correct	 science	 content	 and	had	between	18	 and	24	
years	science	teaching	experience.		
For	 comparison,	 the	 qualifications	 of	 teachers	 in	 the	 TIMSS	 video	 study	 are	 shown	 in	 Figure	
5.10	 and	 it	 is	 clear	 that	 the	 majority	 of	 teachers	 (all	 but	 4%	 of	 Australian	 teachers)	 had	
















It	 appeared	 from	 the	 observed	 lessons	 that	 Teachers	 C,	 D,	 and	 F	 had	 misread	 and/or	
misunderstood	information	in	the	textbooks	and	passed	on	these	misconceptions	to	learners.		
Example	1:	electricity	-	short	circuits	
































	 	 	 	 	 	 	 (Moodie	et	al.,	2000,	p.	226)	
There	was	also	an	illustration	on	the	opposite	page	of	a	lamp	with	an	electric	cable	plugged	into	
a	 socket;	 and	 a	worn	 spot	 in	 the	 insulation	 on	 the	 electric	 cable	where	 the	 copper	wires	 are	
about	to	come	into	contact.	There	was	the	following	explanation:	
This	wire	has	been	lying	under	a	carpet	and	people	have	walked	on	it.	The	plastic	insulation	over	
the	 copper	 has	 broken	 and	 the	 conductors	 are	 going	 to	 touch.	 Current	will	 by-pass	 the	 lamp.	
Explain	what	will	happen	then		
	 	 	 	 	 	 	 (Moodie	et	al.,	2000,	p.	227).	





       (Lesson	F5,	episode	1)	
Teacher	F	then	went	on	to	conflate	heating	elements	and	resistors	and	he	stated	that	appliances	




Teacher	 F:	 We	 put	 a	 fuse	 in	 a	 short	 circuit	 to	 absorb	 energy	 so	 that	 it	 cannot	 damage	 our	
electrical	appliances.		






(which	 the	class	did	not	do);	 this	activity	did	refer	 to	a	short	circuit	as	being	a	 ‘fault’	–	which	
could	have	clarified	the	misconception	about	short	circuits.	But	the	science	 information	 in	the	
textbook	 was	 fragmented	 into	 small	 chunks	 throughout	 the	 chapters	 and	 interspersed	 with	
illustrated	practical	activities.	At	no	point	was	the	science	knowledge	available	 in	a	clearly	set	




Likewise	 the	 textbook	 used	 by	 Teacher	 C	 (Science	 Now,	 Grade	 8	 published	 by	 Heinemann)	
stated	in	relation	to	mixtures	of	substances	from	different	phases:		
A	 mixture	 of	 solid	 particles	 floating	 in	 a	 liquid	 or	 gas	 consists	 of	 two	 phases	 and	 is	 called	 a	











	 	 	 	 	 	 (Lesson	C2,	episode	6)	





















Teacher	D:	 Food	 and	 energy.	 (writing	 on	 board)	 Then	 now	 the	 equation	 for	 respiration	 is	 the	





	 	 	 	 	 	 	 (Lesson	D4,	episode	1)	
The	teacher	was	using	word	equations	from	the	textbook	Science	for	All	(pp.22	-	23)	but	she	did	








certainly	 does	 not	 produce	 chlorophyll.	 In	 addition	 the	 ‘word	 equation’	 in	 the	 textbook	 uses	
‘gives’	instead	of	the	equal	sign	used	in	mathematical	equations;	‘gives’	does	not	have	the	same	
meaning	 as	 ‘equals’	 but	 it	 is	 easy	 to	 see	 how	Teacher	 D’s	 confusion	 arose	 from	 the	 textbook	
metaphor	‘word	equation’.		
It	 seems	 that	 the	 need	 for	 precise	 and	 accurate	 meaning,	 which	 is	 a	 feature	 of	 science	
knowledge,	 is	 not	 recognized	 by	 some	 teachers.	 Research	 by	 Parry	 	 (1996)	 offers	 a	 possible	
reason:	Parry	compared	the	academic	reading	strategies	of	Nigerian	ESL	students	with	those	of	
Chinese	ESL	students	and	found	that	the	Nigerian	students	tended	to	adopt	top-down	reading	




so	 they	 were	 used	 to	 not	 understanding	 meaning	 precisely	 and	 as	 a	 result	 were	 tolerant	 of	
ambiguity.	The	Chinese	students	on	the	other	hand	had	learned	to	read	in	their	home	language,	
so	were	 used	 to	 being	 able	 to	 understand	meaning	 precisely	 and	 as	 a	 result	 transferred	 this	
intolerance	of	ambiguity	to	reading	tasks	in	English.		
Perhaps	in	the	South	African	context,	where	most	teachers	have	become	literate	in	an	additional	
language,	 they	 might	 too	 be	 accustomed	 to	 tolerating	 ambiguity,	 possibly	 leading	 to	 the	
situation	where	the	precise	nature	of	science	concepts	and	knowledge	is	not	appreciated,	or	a	
conscious	aim	when	teaching.		
In	 sum:	 the	 relatively	 high	 number	 of	 factual	 errors	 in	 the	 observed	 lessons	 was	 cause	 for	
concern	and	might	be	related	to	teachers’	limited	training	in	teaching	science,	as	well	as	general	





concepts	 and	 at	 no	 point	 in	 the	 textbook	 were	 these	 clearly	 presented	 in	 a	 consolidated	




Given	 the	NSES	 findings	 referred	 to	 earlier,	 namely	 that	 only	 truly	 sound	 teacher	 knowledge	






Teacher	 A	 B	 C	 D	 E	 F	 G	 H	
Grading	 1	 3	 1	 1	 1	 1	 1	 1	
	
Density	of	canonical	science	knowledge		
A	 count	 of	 the	 publicly	 presented	 canonical	 ideas	 provided	 an	 indication	 of	 the	 density	 of	
science	knowledge	in	the	observed	lessons,	which	was	in	turn	an	aspect	of	lesson	pacing.	 	The	
TIMSS	 video	 study	 defined	 a	 publicly	 presented	 canonical	 idea	 as	 ‘A	 publically	 presented	
statement	 that	 describes	 a	 scientific	 fact,	 concept,	 pattern	 in	 data,	 natural	 process,	 scientific	









the	 opportunity	 to	 learn	 science	would	 be	 compromised	 if	 the	 pacing	was	 too	 fast,	 with	 too	





new	 ideas,	 as	 well	 as	 the	 coherence	 of	 these	 ideas.	 The	 criteria	 for	 categorizing	 the	 publicly	
presented	canonical	ideas	in	lessons	were	as	follows:	
• Number	of	publicly	presented	canonical	ideas	–	new	content	(new);		
• Number	 of	 publicly	 presented	 canonical	 ideas	 –	 review	 of	 previously	 presented	
content;	 include	 ideas	 from	 lessons	 in	 data	 set	 or	 ideas	 marked	 by	 teacher	 as	
previously	presented	e.g.	‘remember	…’	(reviewed);	
• Repetition	 of	 ideas	 –	 within	 a	 lesson	 at	 different	 points	 in	 the	 lesson	 e.g.	 a	 recap	
before	moving	 on	 to	 a	 new	 idea	 or	 activity;	 not	 repetition	 at	 the	 same	 point	 in	 a	
lesson	(repeated);	
• Repetition	 of	 an	 idea/fact	 from	 a	 previous	 lesson	 but	 no	 explicit	 link	 made	 by	
teacher	(previous).	







Although	 the	 TIMSS	 video	 study	 included	 an	 analysis	 based	 on	 the	 number	 of	 publically	
presented	canonical	 ideas,	(Roth	et	al.,	2006),	this	was	based	on	the	percentage	of	 lessons	per	
country	 that	 included	 a	 ‘high	 number’	 of	 publically	 presented	 canonical	 ideas	 i.e.	 15	 or	more	








































the	next	 lesson	readily	gave	 it	up	on	the	spot	 to	allow	the	teacher	being	observed	to	carry	on	
teaching.	 In	addition,	 time	allowances	 for	particular	activities	within	 lessons	were	not	always	

























It	 is	 interesting	 to	note	 that	 the	density	of	 canonical	 science	knowledge	 in	 the	 lessons	of	 four	
teachers	 (C,	 D,	 F,	 G)	 was	 very	 close:	 32-33	 ideas	 per	 hour;	 and	 that	 in	 Teacher	 B’s	 lessons	
slightly	higher:	37	ideas	per	hour.	The	density	of	canonical	science	ideas	in	Teacher	H’s	lessons	
was	 considerably	 higher	 (56	 per	 hour)	 and	 reflected	 the	 lecturing	 style	 of	 Teacher	 H;	 it	was	
much	lower	for	Teacher	A	(20	per	hour)	who	tended	to	digress;	and	lowest	of	all	(7	per	hour)	in	
Teacher	E’s	lessons	where	the	focus	was	on	learners	reporting	on	real-life	issues	with	very	little	
canonical	 science	knowledge	 at	 all.	 	 It	would	 seem	 that	 optimal	density	might	 lie	 somewhere	
between	the	two	extremes	in	the	32-37	ideas	per	hour	range.		
As	 can	 be	 noted	 in	 the	 chart	 in	 Figure	 5.13.,	 Teacher	 B’s	 lessons	 follow	 a	 regular	 pattern	 of	
review	 of	 existing	 knowledge	 =>	 development	 of	 new	 knowledge	 =>	 repetition	 and	
consolidation.	With	the	other	teachers,	six	out	of	the	seven	included	some	form	of	review	in	just	
over	a	half	(16	out	of	30)	of	their	lessons;	and	some	repetition	of	facts.	However	it	did	not	seem	
with	 Teachers	 A,	 C,	 D,	 E,	 F,	 G	 and	 H,	 that	 there	 was	 a	 regular,	 systematic	 pattern	 to	 the	
development	 of	 canonical	 knowledge	 in	 lessons,	 in	 terms	 of	 embedding	 new	 knowledge	 in	



















contained	 fewer	new	ideas	per	hour	 (16,9)	 than	Teachers	A	 (17,2),	C	 (23,5),	F	 (19,7),	G	 (25,2)	
and	H	 (35);	however	 learners	 in	Class	B	had	more	opportunity	 to	build	on	existing	 ideas	and	
consolidate	new	 ideas.	Both	Teacher	A	and	Teacher	H	 tended	 to	 introduce	new	 ideas	without	
much	opportunity	 for	 learners	 to	engage	with	 the	 ideas	or	consolidate	 them.	Teachers	C,	D,	F	
and	 H	 provided	 some	 opportunities	 to	 consolidate	 new	 ideas,	 but	 given	 the	 high	 number	 of	
inaccuracies	 in	the	 lesson	content	(between	19%	and	40%	inaccurate	or	partly	accurate),	 this	
did	not	necessarily	constitute	an	improved	opportunity	to	learn	science.		
Teacher	 H’s	 lessons	 were	 the	 most	 dense	 of	 all,	 but	 as	 observations	 revealed,	 the	 lessons	
consisted	mainly	 of	 teacher	 exposition	 of	 facts	with	 little	 engagement	 of	 learners	 in	working	
with	those	ideas.		
At	 the	 other	 end	 of	 the	 scale,	 Teacher	 A’s	 lessons	were	 second	 least	dense	 in	 terms	of	 science	
content	over	time;	but	as	 the	data	on	discourse	will	show,	his	 lessons	had	the	most	words	by	a	





So	 ladies	 and	 gentlemen	 I	 can	 talk	 and	 talk	 and	 talk	until	 tomorrow	 so	with	 those	 few	words.	
Then	I	want	to	warn	you	…	because	you	are	at	school.	Take	this	information.	Take	it	home.	Take	
it	 to	 our	 parents.	 Take	 it	 to	 our	 brothers	who	 at	 homes.	 Take	 it	 to	 our	 sisters.	 Take	 it	 to	 our	
parents.	




To	 sum	 up:	 it	 is	 difficult	 to	 arrive	 at	 an	 optimum	 density	 of	 ideas	 and	 the	 debates	 in	 the	
literature	about	breadth	and	depth	(see	Roth	et	al.,	2006)	are	unresolved.	It	is	also	clear	that	the	
number	 of	 ideas	would	 depend	 in	 part	 on	 the	 complexity	 of	 concepts	 and	 the	 learners’	 prior	
knowledge	on	the	topic.	
So	if	one	is	to	consider	the	opportunity	to	learn	science	from	the	perspective	of	the	density	of	
science	content,	probably	all	one	can	say	 is	 that	 the	extremes	are	probably	 too	much	and	 too	
little.	In	addition,	it	would	seem	that	the	extent	to	which	new	ideas	are	embedded	in	a	review	of	
existing	ideas,	and	new	ideas	are	repeated	and	consolidated,	would	improve	the	opportunities	







• In	Teacher	A’s	 lessons,	 the	density	 of	 canonical	 ideas	was	 low	 in	 relation	 to	 time,	 but	
also	in	relation	to	words	spoken	which	suggests	that	learners	might	well	become	‘lost	in	
the	 discourse’	 (Breen,	 1998,	 in	Walsh	 2002).	 There	was	 very	 little	 review	 of	 ideas	 in	
Teacher	A’s	lessons,	partly	because	of	the	lack	of	coherence	between	lesson	topics;	and	
also	very	little	repetition	and	consolidation.		So	the	OTL	science	is	coded	poor	(OTL	1).	














Teacher	 A	 B	 C	 D	 E	 F	 G	 H	
Grading	 1	 3	 2	 2	 0	 2	 2	 1	
	
Coherence	of	science	content	in	lessons	
As	described	 in	 the	 literature	 review,	 a	 key	 idea	 from	 the	 literature	on	 teaching	 and	 learning	
science	 is	 that	 of	 conceptual	 coherence,	 drawing	 in	 particular	 on	 the	 work	 of	 Donovan	 and	
Bransford	(2005).	
In	the	analysis	of	the	data	in	this	research	study,	there	were	three	indicators	of	coherence	in	the	













This	 criterion	 was	 not	 included	 in	 the	 TIMSS	 video	 analysis	 (Roth	 et	 al.,	 2006),	 which	 only	
collected	 data	 for	 one	 lesson	 per	 teacher,	 whereas	 in	 this	 research,	 five	 consecutive	 science	
lessons	were	 observed	 and	 recorded	 for	 each	 teacher;	 so	 it	was	 possible	 to	 track	 conceptual	
links	 across	 lessons	 and	 the	 progressive	 cumulation	 of	 science	 ideas	 and	 concepts.	 	 This	was	
coded	as	follows	for	each	lesson:	
• strong	 inter-lesson	 conceptual	 links:	 there	 is	 topic	 progression/continuity	 and	
teacher	makes	the	links	between	lessons	explicit	(coded	2);		




Table	 5.7.	 indicates	 to	 what	 extent	 there	 was	 continuity	 of	 lesson	 topics	 across	 lessons.	 The	
Natural	Sciences	curriculum	(Department	of	Education,	2002)	lists	four	main	‘content	areas	or	



















































































Life	and	living	 	 Energy	and	change	 	



















Teacher	 B:	 Now,	 let’s	 continue	 from	 where	 we	 stopped	 yesterday,	 okay?	 We	 talked	 about	
mixtures,	mixtures.	…	What	is	a	mixture?	Mhmm?	Mixture.	What	is		a	mixture?	Mixture,	hands	up,	
hands	up	…	What	is	a	mixture?			







	 	 	 	 	 	 	 (Lesson	F2,	episode	1)	
The	previous	lesson	was	on	electricity	and	circuits	and	so	although	Teacher	F	was	following	the	










	 	 	 	 	 	 	 (Lesson	A2,	episode	1)	






As	 can	 be	 read	 off	 the	 chart	 in	 Figure	 5.1.5.,	 there	were	 strong	 inter-lesson	 conceptual	 links	
across	 all	 five	 observed	 lessons	 in	 Class	 B,	 with	 topic	 continuity	 and	 explicit	 links	 made	 by	
Teacher	B.		
Teachers	H	and	D	scored	8	and	7	respectively,	with	topic	coherence	across	all	five	lessons,	and	
some	 explicit	 links	 made	 across	 lessons.	 Teachers	 E	 and	 F	 followed	 the	 same	 topic	 across	
lessons	 but	 the	 links	were	 not	made	 explicit,	 except	 in	 one	 Lesson	 (F5).	 Teachers	A,	 C	 and	G	
















The	 descriptors	 for	 conceptual	 links	 within	 lessons	 came	 from	 the	 TIMSS	 study	 (Roth	 et	 al.,	
2006	 p.	 68)	 and	 were	 expanded	 for	 this	 particular	 study,	 to	 also	 capture	 the	 need	 for	 ‘rich	
factual	 detail’	 to	 support	 the	 understanding	 of	 concepts;	 and	 to	 capture	 the	 possibility	 of	
incorrect	concepts	being	presented	in	some	lessons:		
• strong	conceptual	links	within	lessons	to	generalising	principles	and	theories:		‘The	
lesson	 is	 focused	 on	 content	 with	 conceptual	 links	 that	 strongly	 connect	 and	
integrate	 the	 information	 and	 activities.	 The	 information	 presented	 consists	
primarily	 of	 interlocking	 ideas,	 with	 one	 idea	 building	 on	 another	 with	 strong	
conceptual	 links.	 	 The	 lesson	 contains	 a	 strong	 conceptual	 thread	 that	weaves	 the	
entire	lesson	into	a	conceptual	whole’	(Roth	et	al.,	2006,	p.	68);	in	addition,	concepts	
are	supported	by	rich	factual	detail	(coded	2).		
• weak	conceptual	 links	within	 lessons:	 ‘The	 lesson	contains	some	content	but	 there	
are	only	weak	or	no	 conceptual	 links	 that	 integrate	 the	 information	and	activities.	
The	information	and	tasks	presented	are	connected	only	by	a	shared	topic	or	by	one	
or	two	concepts	that	tie	together	some	of	the	ideas	or	activities	but	do	not	connect	
all	 the	 information	 together’	 (Roth	 et	 al.,	 2006,	 p.	 68);	 or	 concepts	 are	 presented	
without	the	necessary	supporting	‘rich	factual	detail’	(coded	1).	
• no	 conceptual	 links	 within	 lessons	 –	 ‘The	 teacher	 focuses	 students’	 attention	
primarily	 on	 carrying	 out	 an	 activity	 or	 procedure	 rather	 than	 learning	 a	 content	
idea.	Students	may	encounter	some	science	content	in	the	process	of	carrying	out	an	
activity	 but	 the	 information	 is	 presented	 as	 isolated	 bits	 of	 information	 without	
being	linked	to	a	larger	concept’	(Roth	et	al.,	2006,	p.	68);	or	concepts	presented	are	




























Teacher	 B:	 Let’s	 all	 say	 together:	 Properties	 of	 substances	 in	 a	mixture	 remain	 the	 same.	 Is	 it	
clear?	







	 	 	 	 	 	 	 (Lesson	B1,	episode	7)	









In	 Lesson	A1,	 episode	2,	 Teacher	A	 gave	 learners	 a	 photocopied	page	 from	 the	 textbook	 (see	
Appendix	5)	which	required	learners	to	draw	arrows	to	link	plants	and	animals	in	food	chains.	
However,	he	did	not	use	the	term	‘food	chain’	until	after	the	activity.		
Teacher	A:	 I	want	you	to	 join	and	show	by	means	of	arrows	which	animal	 that	eats	plants	and	
which	animal	that	eat	the	other	animal.	…	(gives	example	of	cat,	mouse	and	mealies)		
	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 (Lesson	A1,	episode	2)	

















	 	 	 	 	 	 	 (Lesson	A1,	episode	3)	
During	the	reporting	activity	Teacher	A	wrote	up	the	learners’	examples	with	arrows	indicating	
what	 ate	what.	However	 the	 examples	were	not	written	up	 systematically,	with	 plants	 at	 the	





















one	 another.	 …	 That	 is	 the	 food	 chain.	 So.	 one	 animal	 lives	 because	 it	 eat	 one	 another,	 then	
another	one	it	eat	another	animal	and	the	other	will	eat	what?	The	grass,	okay?	
























metals,	okay?	Then	 the	 feet	of	a	goose	 look	 like	 that,	okay?	They	have	been	 joined	 together	by	
what	 is	known	as	a	web,	okay?	That	 is	a	web.	That	 is	 the	web.	…	Therefore	now	here	…	in	this	
whole	collection	…	whole	network	of	the	food	…	between	the	animals,	among	the	animals	and	the	
grass	and	the	other	animals	…	they	make	a	complete	food	web,	okay?		
	 	 	 	 	 	 	 (Lesson	A1,	episode	6)	
This	explanation	was	unclear	and	the	webbed	geese	feet	and	umbrella	analogies	were	incorrect	
and	 confusing.	 	 In	 addition,	 the	 link	 between	 food	 chains	 and	 a	 food	web	was	 not	 explained.	





Lesson	D2:	Producers	and	consumers.	 	 In	 this	 lesson,	 learners	were	 instructed	 to	write	down	










































Teacher	E:	Okay…okay…okay	 first	 group	 to	 report	 please.	 (Group	of	 learners	 get	 up	 and	 go	 to	





(Teacher	 goes	 to	 back	 of	 the	 classroom,	 holding	 stopwatch,	 notebook	 and	 pen.	 Learner	 from	
group	standing	in	front	of	class	steps	forward)	














two	of	you	help	her	put	the	poster	against	the	chalkboard.		 Put	 the	 poster	 against	 the	 black	
board.	The	other	two	hold	it	and	the	other	one	tell	them	what	happening	about	the	poster.	
(learners	read	out	the	same	information	from	the	poster)	
Teacher	 E:	 Okay	 …	 er	 …	 time	 now	 to	 give	 chance	 to	 audience	 to	 ask	 questions	 from	 the	
presenters.	Hands	up,	 audience.	Ask	questions	 to	 the	presenters	 about	 their	presentation.	…	 It	















	 	 	 	 	 	 	 (Lesson	E1,	episode	2)	
As	can	be	seen	from	the	above	episode,	and	from	the	lesson	summaries,	Teacher	E’s	focus	was	













The	TIMSS	Video	 Study	 analysed	 lessons	 for	 conceptual	 links	within	 lessons	 and	Figure	5.17.	






































content	 with	 strong	 conceptual	 links	 –	 considerably	 less	 than	 the	 international	 findings	 that	
ranged	between	27%	and	70%;	and	28%	of	lessons	in	this	study	included	doing	activities	with	
no	 conceptual	 links	 –	 either	 because	 the	 focus	 was	 on	 the	 procedural	 aspects	 of	 the	 lesson	
rather	 than	 lesson	 content;	 or	 because	 key	 ideas	 in	 the	 lesson	 were	 incorrect	 -	 which	 is	
considerably	more	than	four	out	of	the	five	countries	in	the	TIMSS	video	study	but	equivalent	to	
the	 USA	 (the	 country	 with	 the	 poorest	 performance	 in	 the	 TIMSS	 tests	 of	 the	 five	 countries	
represented	in	the	TIMSS	video	study).		
In	order	 to	 compare	 the	practices	of	 teachers	within	 this	 study,	 values	were	ascribed	 to	each	
category	 as	 shown	 in	 the	 analysis	 criteria	 (Learning	 content	with	 strong	 conceptual	 links	 -2;	
learning	 content	 with	 weak	 conceptual	 links	 or	 learning	 content	 with	 concepts	 but	 no	
supporting	 detail	 -	 1;	 doing	 activities	 with	 no	 conceptual	 links	 or	 incorrect	 concepts	 –	 0).	 A	






























on	 separating	 mixtures	 (Lessons	 A2	 and	 G2).	 Although	 they	 got	 learners	 to	 separate	 some	































5	 and	 below);	 and	 the	 fairly	 low	 levels	 of	 clear	 conceptual	 links	 across	 lessons	 (scores	 of	 below	
5/10	for	four	out	of	the	eight	teachers),	seemed	to	be	a	key	failing	in	the	majority	of	science	lessons	
observed	 as	 it	 meant	 that	 learners’	 opportunities	 to	 learn	 science	 with	 understanding,	 as	



















The	 TIMSS	 video	 study	 identified	 goal	 statements	 and	 summary	 statements	 as	 ‘one	 way	 in	



























Teacher	 E:	 Uh,	which	 group	 is	 going	 to	 present	 first?	Which	 group?	Which	 group	will	 present	
first?	Which	group?	Quickly	class.	Time.	Which	group?		






	 	 	 	 	 	 	 (Lesson	A2,	episode	15)	
Example	2:	(Coded	1)	
Lesson	B2:	Compounds		
Teacher	B:	 So,	 now	we	have	 seen	 a	 compound,	 okay?	The	properties	 of	 a	 compound,	we	have	
seen	 the	 properties	 of	 a	 compound.	 We	 have	 seen	 the	 properties	 of	 a	 mixture.	 Can	 you	 see?	
Mixture	 …	 compound.	 It	 was	 an	 example.	 That	 was	 an	 example	 to	 show	 you	 the	 difference	
between	a	what?	A	mixture	and	a	what?	A	compound.		
	 	 	 	 	 	 	 (Lesson	B2,	episode	6)	
Example	3:	(Coded	0)	
In	 Lesson	 G2	 on	 separating	 mixtures,	 Teacher	 G	 described	 the	 last	 example	 of	 separating	
mixtures	-	paraffin	and	water	-	illustrating	the	process	on	the	chalkboard.	But	she	did	not	sum	







Teacher	G:	We	are	going	to	use	a	separating	funnel.	Okay,	that	 is	all.	 	 I	am	going	to	give	you	an	
investigation.		 	 	 	 	 	 	 	








	 	 	 	 	 	 	 (Lesson	H3,	episode	4)	
The	 lessons	 were	 all	 coded	 as	 illustrated	 in	 the	 examples	 above.	 The	 chart	 in	 Figure	 5.21.	




As	 the	 chart	 in	 Figure	 5.21.	 shows,	 goal	 statements	 were	 more	 prevalent	 than	 summary	
























considered	 in	 the	TIMSS	video	study,	 it	seemed	from	the	 lesson	observations	that	 this	was	an	






• no	 consolidation	 activity	 within	 lesson;	 or	 activity	 based	 on	 completely	 incorrect	
information	(coded	0)	
A	 lesson	was	coded	as	2	 if	 a	 consolidation	activity	was	present	and	appropriate:	 for	example,	
writing	up	an	experiment	(e.g.	Lesson	B4);	or	tabulating	the	differences	between	mixtures	and	
compounds	(e.g.	Lesson	B2).	A	lesson	was	graded	1	if	a	consolidation	activity	was	present	but	
the	 activity	 omitted	 key	 ideas	 in	 a	 lesson	 (e.g.	 Lessons	 D2	 and	 G1);	 or	 was	 based	 on	 some	
incorrect	 information	(e.g.	Lessons	D3	and	F3).	Lessons	were	graded	as	0	when	 there	was	no	
consolidation	 activity	 or	 there	was	 a	 consolidation	 activity,	 but	 it	 reinforced	mainly	 incorrect	






had	 been	 presented	 within	 that	 particular	 lesson,	 or	 included	 knowledge	 that	 had	 been	











As	 can	 be	 seen	 from	 the	 chart	 in	 Figure	 5.22.,	 appropriate	 consolidation	 activities	 were	




















simple	 table	 and	 identify	 that	primary	 consumers	were	herbivores	 and	 secondary	 consumers	
were	carnivores,	which	formed	a	relatively	small	part	of	the	lesson	content,	so	it	was	also	coded	




on	the	work	of	 the	previous	 lesson	which	 included	many	factual	errors;	and	the	test	 itself	did	
not	 focus	 on	 key	 ideas,	 so	 it	was	 coded	1.	 Teachers	A	 and	G	 each	 included	one	 consolidation	
activity	 over	 the	 5	 lessons;	 and	 Teachers	 C	 and	 G	 did	 not	 include	 any	 such	 activities	 in	 the	
observed	lessons.		
Findings	on	coherence	of	science	content	in	lessons		




















Teacher	 A	 B	 C	 D	 E	 F	 G	 H	
Grade	 1	 3	 1	 1	 1	 1	 1	 1	
	
Consolidated	grading	and	ranking	of	teachers	for	OTL	science	content		






















lessons	 shows	 that	 six	of	 the	 eight	 teachers	were	 clustered	 in	 the	 seven	 to	 eight	point	 range;	








































the	 main	 source	 of	 science	 content.	 This	 lack	 of	 written	 sources	 would	 have	 negative	




2013)	that	only	 ‘truly	sound	teacher	knowledge	is	 linked	to	better	 learner	performance,	while	
teachers	 with	 some	 gaps	 in	 their	 knowledge	 do	 not	 produce	 significantly	 better	 learner	
achievement	than	teachers	with	large	gaps’	(p.	227).	 	An	analysis	of	the	accuracy	of	the	science	
content	revealed	that	only	one	teacher	(B)	could	be	considered	to	present	‘truly	sound’	science	
content	knowledge	(only	one	 incorrect	 fact	constituting	0,6%	of	 lesson	content),	but	accuracy	
levels	 of	 the	other	 seven	 teachers	 varied	between	87%	 (Teacher	G)	 and	58%	 (Teacher	F).	 	 It	
would	 seem	 then	 that	 the	 levels	 of	 inaccuracy	 in	 the	 observed	 lessons	 of	 seven	 of	 the	 eight	
teachers	would	constitute	a	barrier	to	the	opportunity	to	learn	science.		
It	 appeared	 that	 some	 of	 the	 factual	 inaccuracies	 stated	 by	 teachers	might	 have	 arisen	 from	
inaccurate	 reading	 of	 the	 textbooks	 used	 by	 teachers;	 and	 it	 is	 noted	 that	 Teacher	 B,	 whose	
lessons	were	factually	accurate,	had	both	the	longest	teaching	experience	and	the	highest	level	of	
science	teaching	qualification.	By	contrast,	six	of	the	other	teachers	who	had	studied	further	or	
were	 engaged	 in	 doing	 so,	 were	 studying	 Management	 rather	 than	 Science	 Teaching.	 The	










problematic:	 the	 very	 low	 levels	 of	 canonical	 science	 knowledge	 in	 Class	 E	 constituted	 an	
obstacle	 to	 the	 opportunity	 to	 learn	 science;	 and	 likewise	 the	 high	 number	 of	 facts	 per	 hour	
presented	by	Teacher	H,	without	much	review,	reflected	the	chalk	and	talk	style	of	her	teaching;	
and	 while	 Teacher	 A	 presented	 relatively	 few	 science	 facts	 per	 hour,	 his	 lessons	 were	 the	
longest	 and	 the	 facts	 buried	 in	 high	 levels	 of	 teacher	 talk	 –	 raising	 the	 possibility	 of	 learners	
becoming	‘lost	in	the	discourse’	(Breen,	1998	in	Walsh	2002).		




lesson	 content	 needs	 to	 also	 be	 coherent	 for	 learners	 to	 have	 the	 opportunity	 to	 learn	 with	
understanding.		
Again,	in	respect	of	lesson	coherence,	it	appeared	that	the	practice	of	Teacher	B	stood	in	contrast	
to	 that	 of	 the	 other	 seven	 teachers:	 In	 all	 of	 Teacher	 B’s	 lessons,	 there	 was	 strong	 lesson	
coherence	 within	 and	 across	 lessons,	 with	 the	 central	 generalisations	 and	 principles	
emphasized	at	key	points	in	the	lesson;	and	lessons	proceeded	systematically	from	a	review	of	
key	ideas	=>	practical	activity	=>	observation	and	description	=>	explanation	and	generalization	







The	 presence	 of	 clear	 conceptual	 frameworks	 and	 the	 necessary	 supporting	 factual	 detail,	
appeared	to	be	a	key	strength	 in	the	practice	of	Teacher	B	and	conversely,	a	key	shortcoming	 in	
providing	opportunities	to	learn	science	in	the	lessons	of	the	other	seven	teachers.		
What	 follows	 is	 the	 next	 chapters,	 is	 an	 analysis	 of	 the	 classroom	 language	 in	 the	 observed	






CHAPTER	 SIX:	 CLASSROOM	 LANGUAGE:	 CONSTRUCTING	 SCIENCE	
KNOWLEDGE	
In	 line	with	 socio-cultural	 approaches,	 the	 analysis	of	 the	data	 in	 terms	of	 the	opportunity	 to	




The	 analysis	 of	 the	 classroom	 discourse	 explored	 how	 the	 teachers	 used	 language	 to	 engage	
learners	 in	 constructing	 science	 content	 knowledge,	 and	 to	 cumulatively	 structure	 or	 chain	
science	 facts	 into	 coherent	 conceptual	 frameworks,	 and	 a	 hierarchical	 knowledge	 structure	
(Bernstein,	2000).	This	process	as	described	 in	the	 literature,	appears	to	be	one	that	operates	
vertically,	over	time	(Mercer	&	Littleton,	2007).	
The	analysis	of	 the	bilingual	practices	explored	the	use	of	 the	 teachers’	and	 learners’	common	
home	 language,	 isiXhosa,	 to	 access	 and	 provide	 a	 horizontal	 bridge	 to	 science	 knowledge	
expressed	in	the	language	of	reading,	writing	and	assessment:	English.		
It	 should	 be	 noted	 that	 in	 the	 analysis	 of	 the	 classroom	 discourse	 patterns,	 the	 bilingual	
alternation	by	teachers	and	 learners,	where	this	did	occur,	has	been	removed	from	the	 lesson	




















As	 outlined	 in	 the	 literature	 review,	 Barnes’	 (1976,	 1992)	work	 on	 the	 cognitive	 function	 of	
classroom	 talk	 stemmed	 from	 socio-cultural	 perspectives	 on	 language	 and	 learning;	 and	











































It	 is	 clear	 from	 the	 above	 chart	 that	 while	 Teacher	 A	 spoke	 the	 most	 words	 per	 minute	 in	
lessons,	the	learners	in	his	class	spoke	least	words	per	minute	of	all	the	classes;	this	is	indicative	
of	the	lack	of	interactive	classroom	discourse	in	these	lessons.		One	might	expect	then	that	this	





talk	 in	Class	B.	There	was	a	 similar	 finding	 in	Probyn	 (2006)	where	 it	 seemed	 that	 increased	
teacher	talk	did	not	necessarily	reduce	 learner	talk;	rather	that	 the	reverse	might	apply	when	
there	was	a	more	 interactive	style	of	classroom	discourse;	and	that	high	 levels	of	 teacher	 talk	
were	necessary	to	elicit	and	sustain	learner	talk	in	whole	class	interactions.	
A	raw	word	count	of	the	balance	of	teacher-learner	talk	tells	one	little	about	the	nature	of	that	























explain	 the	 natural	world	 through	 generalisable	 principles.	 In	 addition,	 science	 knowledge	 is	
empirically	based	and	so	a	key	idea	coming	from	international	research	on	science	teaching	and	
learning	is	the	need	to	provide	students	with	'the	opportunity	to	develop	connected,	evidence-
based	 scientific	 understandings	 that	 students	 can	 apply	 to	 make	 sense	 of	 a	 variety	 of	
phenomena’	(Roth	et	al.,	2006,	p.	57).		
However	as	Mortimer	and	Scott	(2003	p.	1)	have	pointed	out,	practical	work	does	not	speak	for	
itself	and	scientific	principles	are	not	self-evident.	Rather	 that	 it	 is	 in	 the	 teacher	orchestrated	
discussion	around	the	practical	activities	that	science	learning	takes	place	(p.	1).	This	discussion	
will	usually	follow	a	pattern	of	description	=>	explanation	=>	generalization	(pp.	26-27)	as	the	
teacher	 models	 the	 linking	 of	 facts	 and	 observations,	 through	 reasoning,	 into	 conceptual	
frameworks	and	generalizable	principles.		
A	 range	 of	 possible	 discourse	 interaction	 patterns	 has	 been	 identified	 from	 the	 literature	 as	
follows	(described	in	full	in	Chapters	Two	and	Three):	




















6.	 Learners	 ask	 question/s:	 learners	 ask	 questions	 to	 the	 class	 or	 a	 group	 and	 the	 teacher	
manages	the	process.			
Mortimer	 and	 Scott	 (2003)	made	 the	 point	 that	 discourse	 interaction	 patterns	 shift	 over	 the	
course	of	a	lesson,	with	more	interactive,	dialogic	exchanges	at	the	point	in	the	lesson	when	new	
knowledge	 is	 being	 constructed;	 and	 more	 authoritative	 exchanges	 when	 reviewing	 or	
consolidating	 established	 concepts	 -	 the	 point	 being	 that	 skilled	 teachers	would	 draw	 on	 the	
appropriate	interaction	patterns	at	different	points	in	the	lesson.		
The	key	point	here	in	relation	to	the	analysis	of	classroom	discourse	interaction	patterns	seems	
to	be	 that	 in	 order	 for	 learners	 to	develop	 the	necessary	 conceptual	 frameworks,	 the	 teacher	




observations	 through	 reasoning	 to	 generalizable	 principles	 and	 conceptual	 frameworks.	 The	
more	 typical	 IRE	 interaction	 patterns	 do	 not	 build	 on	 learners’	 contributions	 and	 so	 do	 not	
operate	in	the	same	way	as	dialogic	exchanges	to	guide	reasoning	and	build	concepts.		
	So	the	next	question	is:	to	what	extent	was	this	kind	of	dialogic	discourse	evident	in	the	observed	
classrooms;	 and	 how	 did	 the	 classroom	 discourse	 in	 the	 observed	 classrooms	 contribute	 to	 or	
constrain	the	opportunity	to	learn	science?	
The	analysis	took	into	account	both	the	discourse	patterns	as	well	as	the	science	content	of	the	
lessons,	 as	 recommended	 by	 Christie	 (2002:	 5),	 Gibbons	 (2006)	 and	 Mortimer	 and	 Scott,	





	 	 	 	 	 	 (Lesson	E1,	episode	1)	
1.b.	Teacher	monologue	–	instructional	
Teacher	D:	Yes.	All	the	animals	that	live	on	green	plants	only	are	known	as	herbivores.	They	are	
not	producers	but	 they	are	 consumers.	 (writing	on	 chalkboard)	They	are	 consumers.	They	are	
primary	consumers.	They	are	the	first	…	they	are	the	first	link	in	the	…	they	are	the	second	link	in	
the?	food	chain.	The	first	link	are	the	producers.	Green	plants	are	those	that	produce	food.		
















	 	 	 	 	 	 (Lesson	H1,	episode	1)	
4.	Dialogic	exchanges	
In	Lesson	B3,	 learners	had	separated	a	mixture	of	soil	and	water	by	means	of	filtration.	In	the	
whole	 class	 question	 and	 answer	 that	 followed,	 Teacher	 B	 elicited	 the	 description	 of	 what	




Or	 let’s	 say	why	does	 the	water	 pass	 through	 the	 filter	 paper?	What	 could	 be	 on	 the	
filter	paper?	
2.	 Learners:	A	hole.	
3.	 Teacher	B:	So	 it	shows	us	that	the	there	are	some	holes…	there	are	some	holes	 in	the	
filter	paper	 there	are	some	holes	 in	 the	 filter	paper.	Now	 if	 there	are	holes	why	does	
soil	 not	pass	 through	 the	holes	 together	with	water?	Mhmm?	Raise	 your	hands.	Why	
does	soil	not	pass	through,	why	does	soil	not	pass	through	the	filter	paper?	(writes	on	
chalkboard)	


















	 	 	 	 	 	 (Lesson	B3,	episode	5	-	edited)	
The	above	extract	was	coded	as	‘dialogic’	as	it	included	the	three	indicators:	extended	I-R-F/R-
F/R-F	 exchanges;	 ‘contingent	 responsiveness’	 to	 learners’	 contributions;	 and	 cumulation	 of	






‘because’	 (turn	6.);	 and	 ‘which	means’	 (turn	8.)	–	demonstrating	 reasoning	and	cumulation	of	
meaning.		
5.	Learners	reporting	to	class		
In	 the	 original	 coding	 of	 the	data,	 a	 distinction	was	made	between	 the	 kinds	 of	 responses	 by	
teachers	to	learners’	reporting	to	the	class:		



















Learner:	 (reading	 from	 poster)	 Stop	 wasting	 water.	 Because…we	 can't	 live	 without	 water	
because	water	 is	an	 important	 thing.	 It	 is	 also	 stop	…	stop	…	control	our	 lives.	 Stop	wasting	…	
leaving	water	with	running	drops	to	the	taps	…	Thank	you.		
Teacher	E:	Is	that	all?	Time!	…	Carry	on.		
	 	 	 	 	 	 (Lesson	E1,	episode	2	–	edited)	
As	 can	 be	 seen	 in	 the	 above	 excerpt,	 the	 teacher’s	 responses	 to	 the	 learners’	 reporting	 was	
entirely	procedural,	with	no	evaluation	or	feedback	on	the	content	they	had	presented.		
• Learner/s	report	back	with	evaluation	by	the	teacher	













































	 	 	 	 	 (Lesson	B3,	episode	2	–	edited)	
The	learner	reported	to	the	class	and	demonstrated	how	to	fold	the	filter	paper.	Although	it	took	
the	 form	of	 an	 I-R-F/R-F/R-F	 interaction,	 the	demonstration	was	 initiated	by	 the	 learner	 and	
supported	by	the	teacher,	who	intervened	to	prompt,	confirm	and	extend	her	explanation.		
6.	Learners	asking	questions	
There	 were	 some	 instances	 of	 learners	 asking	 teachers	 questions;	 and	 learners	 asking	 one	
another	questions.	 In	Class	E,	after	group	presentations,	 the	teacher	routinely	gave	the	rest	of	
the	 class	 the	 opportunity	 to	 ask	 the	 group	 questions;	 and	 for	 the	 group	 to	 ask	 the	 class	
questions	 on	what	 they	 had	 presented,	 as	 shown	 in	 the	 next	 excerpt	 from	Lesson	 E5,	 on	 the	
causes	of	land	pollution.		
	 Teacher	E:	(to	learner	with	raised	hand)	What's	your	question?		



























	 	 	 	 	 	 (Lesson	E5,	episode	6)	












Teacher	D:	 Plural?	Oh	 just	 like	we	mentioned	 the	 plural	 for	 fungus.	 It’s	 plural	my	 child	…	 you	
have	helped	me	…	it	is	in	plural	form	already.	(writing	on	chalkboard)		
	 Bacterium	
Teacher	 D:	 It	 is	 bacteria	 in	 plural.	 Then	 for	 singular	 form,	 it's	 bacterium.	 Okay?	 Bacterium	
singular.	Then	bacteria	is	plural.	Okay?	
	 	 	 	 	 	 (Lesson	D5,	episode	2)	
The	above	categories	of	classroom	interaction	 in	the	discourse	covered	all	 the	 forms	of	public	
talk	 in	 the	 observed	 lessons.	 As	 described,	 public	 talk	 has	 been	 defined	 as	 talk	 that	 could	 be	
heard	by	any	attentive	learner	in	the	class	and	so	it	excluded	any	group	talk	by	learners	or	talk	
by	the	teacher	that	could	not	reasonably	be	heard	by	an	attentive	learner.		
As	 described	 in	 the	methodology	 chapter,	 the	 classroom	discourse	 patterns	were	marked	 off	
and	 coded	 in	 the	 lesson	 transcripts	 for	 each	 teaching	 episode.	 A	word	 count	 for	 teacher	 and	
learners	for	each	stretch	of	coded	discourse	was	done,	so	as	to	be	able	to	quantify	the	discourse	
interaction	patterns,	and	these	were	illustrated	with	excerpts	from	the	lesson	transcripts.	In	this	
way	the	discourse	 interaction	patterns	were	tracked	across	 the	set	of	 five	 lessons	per	 teacher	
and	linked	to	the	lesson	content	and	also	to	the	bilingual	classroom	practices,	so	as	to	explore	







Figures	6.3.	 and	6.4.	provide	a	 summary	of	 classroom	discourse	 interaction	patterns	over	 the	






























































key	 terms	 or	 points	 after	 the	 teacher;	 and	 then	 short	 stretches	 of	 IRE	 (3.)	 to	 check	 on	
understanding	 or	 to	 elicit	 contributions	 from	 learners	 or	 observations	 from	 practical	 work	
where	this	was	done.	As	the	charts	in	Figures	6.3.	and	6.4.	show,	this	combination	of	discourse	
patterns	 accounted	 for	 over	 50%	 of	 classroom	 discourse	 in	 these	 six	 classes:	 from	 55%	 for	
Teachers	 D	 and	 G;	 70%,	 72%	 and	 73%	 	 for	 Teachers	 A,	 H	 and	 C	 respectively;	 and	 85%	 for	
Teacher	F.	 	There	was	very	little	evidence	of	I-R-F/R-F/R-F	sequences	which	form	the	basis	of	
dialogic	 exchanges:	 0	 –	 5%	 of	 classroom	 talk	 (Teachers	 A,	 C	 and	 D	 –	 0%;	 Teacher	 G	 –	 2%;	
Teacher	F	–	3%;	Teacher	H	–	5%).	
The	 discourse	 patterns	 for	 Teachers	 E	 and	 B	 were	 different	 to	 the	 rest	 of	 the	 teachers:	 as	





this	 process.	 The	 IRE	 sequences	were	mainly	 related	 to	 the	 teacher	 eliciting	marks	 from	 the	
class	 for	 the	 groups	 once	 they	 had	 presented;	 and	 there	 was	 very	 little	 science	 knowledge	
evident	in	the	lessons,	as	the	analysis	of	the	types	of	science	knowledge	in	lessons	has	shown.	In	
Teacher	E’s	lessons	there	was	also	little	evidence	of	dialogic	exchanges	–	only	1%.	
Teacher	 B	 on	 the	 other	 hand	 showed	 very	 different	 discourse	 patterns	 for	 communicating	
science	in	that	47%	of	classroom	discourse	took	the	form	of	dialogic	exchanges,	with	extended	
I-R-F/R-F/R-F	 sequences,	 as	Teacher	B	 elicited	 responses	 from	 the	 learners	 and	modeled	 the	
linking	 of	 facts	 and	 observations	 to	 generalisable	 principles	 through	 reasoning	 –	 in	 this	way	
building	conceptual	 frameworks.	 	Teacher	B’s	 feedback	move	was	closely	 tied	 to	 the	previous	
response	 move	 from	 the	 learner	 –	 in	 what	 Wells	 (1999)	 has	 described	 as	 ‘contingent	
responsiveness’.	
There	was	 far	 less	 instructional	monologue	 in	 Teacher	 B’s	 lessons	 than	 in	 the	 lessons	 of	 the	
other	 teachers	 (with	 the	exception	of	Teacher	E).	The	discourse	patterns	 in	Teacher	B’s	 class	
shifted	over	lesson	episodes,	much	as	described	by	Mortimer	and	Scott	(2003)	with	reviews	and	











elicitation	 by	 the	 teacher	 in	 IRE	 sequences;	 and	 in	 Teacher	 B’s	 classes,	 through	 dialogic	
exchanges.	In	the	remaining	three	classes	(C,	E,	G)	learner	talk	was	also	though	groups	reporting	
(C	–	12%;	E	–	30%;	H	–	19%);	 and	 in	Teacher	E’s	 class,	 learner	questions	 comprised	10%	of	
classroom	 talk	 as	 the	 class	 was	 given	 the	 opportunity	 to	 question	 groups	 after	 they	 had	
reported	and	members	of	 the	presenting	groups	could	ask	questions	 from	the	class.	However	
much	 of	 this	 questioning	 by	 learners	 in	 Class	 E	 was	 on	 procedural	 matters	 such	 as	 the	
behaviour	 of	 groups;	 and	 there	 was	 little	 guidance	 or	 support	 from	 the	 teacher	 in	modeling	
more	probing	questions	about	 lesson	content.	The	content	of	group	presentations	was	mostly	
accepted	uncritically	by	Teacher	E	who	focused	on	managing	the	class,	which	became	more	and	
more	 unruly	 as	 they	 appeared	 to	 get	 bored	 with	 the	 repetitive	 nature	 of	 presentations;	 and	
learners	 appeared	 to	 relish	 the	 opportunity	 to	 ask	 questions	 to	 poke	 fun	 at	 the	 presenting	



































learners.	 However	 there	were	 a	 few	 instances	 of	 learners	 in	 one	 particular	 group	 in	 Class	 E	


















digressions	 have	 been	 summarized	 in	 brackets.	 (The	 full	 transcripts	 for	 these	 excerpts	 are	
provided	in	Appendices	7-9.)	This	is	to	reduce	the	length	of	the	transcripts	and	to	focus	on	the	
interaction	patterns	and	the	linking	of	ideas	in	the	discourse;	and	the	engagement	of	learners	by	
the	 teacher	 in	 'pattern	based	reasoning'	during	and	after	 the	practical	activity,	as	 they	moved	





to	 conclusion	 over	 time,	 as	 suggested	 by	 Alexander	 (2000,	 2006),	 Christie	 (2002),	 Gibbons	
(2006),	Mercer	and	Littleton	(2007),	Mortimer	and	Scott	(2003).	So	patience	is	requested	of	the	
reader!	
In	 the	 edited	 transcripts,	 three	 dots	 enclosed	 in	 square	 brackets	 […]	 indicate	 that	 repetitions	
and	bilingual	 language	have	been	 removed.	The	 interactions	have	been	numbered	 in	 the	 first	
column	 for	 reference	 purposes	 and	 each	 interaction	 has	 produced	 an	 idea	 in	 the	 overall	
cumulation	of	ideas	related	to	the	topic	and/or	a	switch	in	the	discourse	interaction	pattern.	So	
two	 of	 the	 same	 type	 of	 discourse	 interaction	 pattern	 may	 follow	 on	 one	 another	 (as	 in	











4. The	 mixture	 of	 iron	 filings	 and	 sulphur	 powder	 can	 be	 separated	 using	 a	 magnet	
because	 of	 the	 difference	 in	 the	 properties	 of	 iron	 filings	 and	 sulphur	 powder:	 iron	
filings	are	magnetic	and	sulphur	powder	is	not	magnetic	(explanation)	





















Teacher	A:	 (he	 passes	 round	 the	 bottle	 of	 sulphur	 to	 groups)	 […]	How	 is	 its	





(Learners	 in	 groups	 mix	 sulphur	 and	 iron	 filings	 while	 teacher	 repeats	
instructions)	
Teacher	 A:	 […]	 Okay,	 so	 we	 have	mixed	 the	 iron	 filings	 …	 and	 sulphur.	 […]	
(writes	on	chalkboard)		
Iron	filings	and	sulphur	












(teacher	 suggests	 	 various	 means	 of	 separating	 the	 mixture:	 tea	 strainer,	















5.	 Teacher	A:	Okay,	 let’s	say	you	hold	 the	electricity	cable.	 […]	You	will	become	











7.	 Teacher	A:	 […]	Look	carefully.	 […]	What	 is	happening?[…]	 	They	are	moving?	







































12.	 Teacher	 A:	 […]	 Let	 us	 see	 now	 there	 in	 the	mixture	…	 	 let	 us	 see	what	will	
happen	now.		










14.	 Teacher	 A:	 […]	 Now	what	 did	 you	 use	 to	 separate	 the	 iron	 filings	 from	 the	















As	 the	 above	 extract	 from	 Lesson	 A1	 shows,	 the	 main	 discourse	 patterns	 in	 this	 teaching	
episode	 were	 teacher	 instructional	 monologue	 (1.b.)	 interspersed	 with	 some	 brief	 IRE	







teacher	 filled	 both	 the	 I	 and	 R	 moves.	 The	 exposition	 of	 science	 content	 was	 disrupted	 by	






In	 interaction	 7.	 there	was	 the	 start	 of	 an	 I-R-F-R-F	 sequence	 but	 it	 collapsed	when	 learners	
twice	 provided	 incorrect	 responses	 that	 clearly	 indicated	 that	 they	 had	 not	 understood	 the	
preceding	 exposition	 –	 partly	 because	 Teacher	 A	 had	 likened	 the	 iron	 filings	 to	 ‘baby	 hairs,’	
which	the	 learner	 took	 literally.	Teacher	A	then	appropriately	demonstrated	that	sulphur	was	
not	magnetic	(interaction	11.)	 -	an	example	of	contingent	responsiveness;	but	 this	 fact	should	
have	been	established	before	mixing	the	two	substances,	and	this	demonstrates	the	general	lack	
of	 ‘systematic	 organisation	 of	 learning’	 (Morrow,	 2007,	 p.	 29)	 that	 characterised	 Teacher	 A’s	
lessons.	At	the	end	of	the	episode,	the	learners	were	left	with	the	correct	idea	that	the	mixture	of	
sulphur	and	iron	filings	was	separated	by	using	a	magnet	(interaction	14	&	15);	but	this	fact	was	
not	 linked	 to	 any	 explanation,	 or	 generalization	 i.e.	 that	 the	 difference	 in	 the	 property	 of	




The	 following	 extract	 from	 Lesson	 G2	 was	 part	 of	 a	 51	 minute	 lesson	 when	 seven	 different	
methods	 of	 separating	 mixtures	 were	 covered	 –	 three	 with	 practical	 activities	 and	 four	 by	





























































fairly	 minimalist	 (227	 words	 in	 total	 versus	 2413	 in	 class	 A)	 and	 there	 were	 no	 distracting	






discourse	 that	 followed	 the	 practical	 activity	 stopped	 short	 at	 the	 description	 stage	 without	




done	 two	 days	 previously	when	 learners	 identified	 the	 properties	 of	 sulphur	 and	 iron	 filings	
and	 found	 that	 in	a	mixture	 the	properties	of	 the	 component	 substances	did	not	 change	 -	 the	
first	 of	 two	 lessons	 that	 investigated	 the	 difference	 between	 mixtures	 and	 compounds.	 The	
episode	 in	 the	extract	below	 introduced	a	 series	of	 three	 lessons	on	separating	mixtures.	The	
class	did	not	repeat	the	practical	activity	itself	(separating	iron	filings	and	sulphur	powder),	but	
Teacher	 B	 drew	 on	 it	 to	 establish	 a	 different	 but	 related	 concept	 in	 relation	 to	 separating	
mixtures:	that	in	order	to	separate	a	mixture,	one	needs	to	base	the	separation	method	on	the	



































3.	 Teacher	 B:	 What	 happens	 to	 the	 iron	 filings	 and	 the	 magnet?	 […]	 What	





















































































10.	 Teacher	 B:	 Let	 me	 remind	 you	 we	 had	 a	 table	 like	 this,	 okay?	 (draws	 on	
chalkboard)	 […]	What	 does	 this	 table	 show	us	 about	 these	 two	 things?	 Iron,	
sulphur.	 […]	What	 were	 we	 looking	 at?	 To	 differentiate	 between	 those	 two	












































14.	 Teacher	B:	 [...]	We’ll	 try	 to	do	another	experiment	which	 is	going	 to	show	us	
how	 to	 separate	 another	mixture.	 So	we	 should	 keep	 in	mind	 […]	 that	 now	







In	 the	 above	 episode,	 the	 classroom	 discourse	 displayed	 the	 key	 indicators	 of	 ‘dialogic	
discourse’	 in	that	Teacher	B	engaged	learners	in	I-R-F/I-R-F/R-F	exchanges	that	extended	over	
several	 turns	 (thirteen).	 Teacher	 B	 provided	 clear	 feedback,	which	 responded	 to	 and	 built	 on	
learners’	 responses,	 demonstrating	 ‘contingent	 responsiveness’.	 In	 this	way,	 the	 discourse	 and	
development	 of	 ideas	 was	 built	 on	 the	 learners’	 contributions,	 while	 being	 carefully	






In	 interaction	 9.	 the	 learner	made	 an	 incorrect	 response	 (‘reaction’	 instead	 of	 ‘property’)	 so	
Teacher	B	looped	back	to	reteach;	and	elicited	from	learners	the	colour	and	magnetism	of	iron	
filings	 and	 sulphur	 powder;	 and	 then	 was	 able	 to	 elicit	 the	 correct	 response:	 ‘properties’	 in	
interaction	 12	 –	which	 formed	 the	 basis	 of	 the	 key	 concept	 in	 interaction	 13:	 Teacher	 B:	 ‘So	
which	means,	to	separate	those	two,	the	mixture	of	iron	and	sulphur	we	use	the	properties’.				
In	 addition,	 meaning	 cumulated	 over	 several	 turns	 and	 was	 focused	 on	 patterning	 facts	 into	
conceptual	 frameworks	 through	 logical	 argument	 –	 thinking	 aloud	 or	 what	 Scott,	 Mortimer	 &	
Ametler	(2011)	have	described	as	 ‘pedagogical	 link-making’.	Logical	connectives	such	as	 ‘how	
(1)	…	what	did	you	consider	(2)	…	what	happens	(3)	…	what	does	it	mean	(4)	…	but	(7)	…	so	(9)	
…	so	that	(11)	…	or	(12)	so	which	means	(13)	linked	ideas	and	structured	the	argument.	As	the	
















































































































dialogic	 discourse	 patterns	 likely	 to	 promote	 coherent	meaning	making.	 The	 talk	 during	 and	
after	the	practical	activity	stopped	short	at	description	and	did	not	proceed	to	explanation	and	
generalization.	In	addition,	the	relatively	high	volume	of	teacher	talk	in	Class	A	(see	Figure	6.9.),	
which	 was	 roughly	 ten	 times	 that	 of	 Teacher	 G	 and	 twice	 that	 of	 Teacher	 B,	 included	 three	
digressions;	and	with	the	limited	participation	of	learners	in	this	episode	it	meant	that	learners	
might	well	 have	 been	 ‘buried	 in	 the	 discourse’	 (Breen,	 1998,	 in	Walsh,	 2006,	 p.	 16)	with	 key	
ideas	omitted	or	obscured	and	left	fragmented,	rather	than	linked	to	key	organising	principles.	
In	 Teacher	G’s	 lesson	 65%	of	 classroom	discourse	 consisted	 of	 teacher	regulative	monologue;	
the	 key	 ideas	 were	 elicited	 through	 the	 reporting	 back	 by	 learners	 (24%	 of	 classroom	































greatest	percentage	of	 classroom	 talk	at	9%;	but	 this	was	 in	 the	 context	of	 a	 low	word	count	
overall,	 with	minimal	 elaboration	 or	 examples	 –	 the	 ‘factual	 detail’	 considered	 important	 for	
learning	 by	Donovan	&	Bransford	 (2005).	 	 As	with	 Class	 A,	 the	 key	 ideas	were	 not	 linked	 to	
generalizable	 principles	 and	 conceptual	 frameworks,	 but	 left	 as	 stand	 alone	 items	 –	 leaving	
learners	with	a	fragmented	collection	of	facts.		
By	contrast,	 in	Teacher	B’s	 lesson,	the	dominant	discourse	pattern	in	the	episode	was	dialogic	
exchanges	 (76%)	 with	 extended	 I-R-F/I-R-F/I	 sequences	 and	 some	 instructional	 teacher	
monologue	 (22%).	The	key	 ideas	were	 carefully	 linked	 into	a	 conceptual	 framework,	 through	
engaging	learners	so	that	their	contributions	were	built	 into	the	developing	argument	in	ways	
that	were	‘contingently	responsive’	–	the	kind	of	discourse	patterns	that	could	be	described	as	
‘learning	 discourse’	 (Alexander	 2001)	 (see	 also	 Gibbons,	 2006;	 Mercer	 &	 Littleton,	 2007;	
Mortimer	&	Scott,	2003).	The	development	of	ideas	after	the	practical	work	did	not	stop	short	at	
description,	 but	 the	 full	 explanatory	 arc	 of	 description	 =>	 explanation	 =>	 generalization	 was	
completed.		
It	 appeared	 that	 this	 dialogic	 discourse	 in	 Teacher	 B’s	 lesson,	 was	 an	 important	 aspect	 of	
constructing	 the	 science	 knowledge	 cumulatively	 and	 linking	 ideas	 into	 a	 coherent	 vertical	
knowledge	 structure.	 This	 was	 a	 significant	 aspect	 of	 Teacher	 B’s	 practice	 that	 supported	
learners’	 opportunities	 to	 learn	 the	 science	 content.	 Conversely	 the	 absence	 of	 this	 kind	 of	
discourse	 from	the	practice	of	seven	of	 the	eight	 teachers,	 indicated	the	relatively	 fragmented	
nature	of	the	science	content	made	accessible	to	the	learners	in	their	classes,	and	constituted	a	
limitation	on	learners’	opportunities	to	learn	science.	
According	 to	 Vygotsky	 (1962),	 language	 and	 thought	 are	 closely	 intertwined;	 and	 so	 the	
disentangling	of	discourse	patterns	and	 the	science	content	of	 the	 lessons	 for	 the	purposes	of	




discourse	 patterns	 are	merely	 a	manifestation	 of	 a	 particular	 teacher’s	 understanding	 of	 the	
science	content:	that	if	a	teacher	understood	the	broader	conceptual	frameworks	within	which	a	
particular	example	was	situated,	 then	 the	discourse	 they	employed	would	reflect	 the	pattern-
based	reasoning	 that	 forms	 the	basis	 for	dialogic	exchanges.	However	 the	 linking	of	 facts	 into	
conceptual	 frameworks	 could	 be	 accomplished	 linguistically	 in	 terms	 of	 teacher	 instructional	
monologues.	So	dialogic	exchanges	not	only	link	and	pattern	ideas,	but	also	reflect	an	engaged	
pedagogy	that	ties	the	construction	of	conceptual	frameworks	closely	to	learners’	contributions	
–	 paying	 careful	 attention	 to	 their	 responses;	 and	 providing	 the	 kind	 of	 contingent	
responsiveness	 that	 carefully	 leads	 and	 guides	 learners	 in	 the	 cumulative	 construction	 of	
science	knowledge.		
As	 noted,	 the	 classroom	 discourse	 does	 not	 stand	 on	 its	 own,	 only	 in	 relation	 to	 the	 lesson	
content:	 so	 if	 some	 of	 the	 facts	 that	 are	 the	 building	 blocks	 of	 a	 generalised	 conceptual	
framework	 are	 left	 out,	 the	 framework	 will	 collapse;	 and	 if	 the	 teacher	 introduces	 lengthy	
digressions,	 they	 can	 disrupt	 the	 thread	 of	 an	 argument	 linking	 the	 facts	 into	 a	 conceptual	
framework.	Likewise,	 if	 the	teacher	stops	short	of	 linking	the	description	and	explanation	of	a	
phenomenon	to	the	generalisation	that	the	practical	observation	is	intended	to	exemplify,	then	
the	 facts	 remain	 fragmented	 and	 the	 vertical	 knowledge	 structure	 is	 not	 built.	 So	 it	 is	 in	 the	
interplay	 of	 the	 science	 content	 and	 the	 discourse	 patterns	 that	 engage	 learners	 in	 pattern	
based	reasoning	that	the	learning	discourse	is	enacted;	but	unless	the	teacher	has	a	clear	idea	of	
the	logical	structure	of	the	science	content,	the	discourse	patterns	are	irrelevant.		
So	 perhaps	 one	 can	 claim	 that	 dialogic	 exchanges	 or	 learning	 discourses	 depend	 on	 the	
necessary	condition	of	teachers’	truly	sound	subject	knowledge;	but	equally	one	can	claim	that	









knowledge	 that	 learners	 bring	 to	 school,	 and	 the	 kinds	 of	 language	 skills	 and	 knowledge	
required	 by	 schooling;	 between	 the	 horizontal	 discourse	 of	 everyday	 knowledge	 and	 the	
vertical	discourse	of	the	specialized	knowledge	of	schooling.	Gibbons’	(2006)	research	(drawing	
on	 the	works	of	Barnes,	1976,	1992;	Bernstein,	1971;	Cummins,	2000;	Vygotsky,	1962;	Wells,	
1999,	 in	 the	 sociocultural	 tradition)	 identified	 a	 ‘bridging	 discourse’	 employed	 by	 skilled	
teachers	to	scaffold	learners’	induction	into	the	specialized	knowledge	and	language	of	science,	
while	 simultaneously	 supporting	 learners	 in	 moving	 from	 context-embedded	 face-to-face,	
exploratory	talk	while	engaging	in	practical	activities	-	to	context-reduced,	presentational	talk,	
abstracted	 from	 the	 practical	 experience;	 and	 then	 moving	 along	 the	 mode	 continuum	 to	









inducting	 learners	 into	 the	 specialized	 practices,	 knowledge	 and	 language	 of	 schooling.	















	 	 	 	 	 	 (Lesson	F2,	episode	1)	
2. Everyday	language	to	science	language	
Words	 represent	 concepts	 and	 so	 it	was	 sometimes	not	 clear	whether	 to	 code	 an	 instance	 as	
‘knowledge’	 or	 ‘language’.	 When	 a	 teacher	 drew	 special	 attention	 to	 the	 language	 as	 in	 the	
example	below:	‘what	special	term	…’	or	specifically	taught	science	terms,	then	the	example	was	
coded	 as	 language	 rather	 than	 knowledge	 although	 the	 instance	 would	 generally	 serve	 both	
purposes:	bridging	knowledge	and	language.	
In	 Lesson	 E2	 on	 land	 pollution,	 after	 eliciting	 various	 forms	 of	 land	 pollution,	 Teacher	 E	
specifically	taught	the	term	‘pollutants’:		















	 	 	 	 	 	 (Lesson	E3,	episode	3)	
3.	Practical	experience	to	theoretical	knowledge		
In	 lesson	B1,	 learners	 had	mixed	 suphur	 powder	 and	 iron	 filings	 and	 observed	 and	 reported	





While	 groups	 were	 discussing	 this	 question,	 Teacher	 B	 moved	 from	 group	 to	 group,	 asking	






































































What	 is	 immediately	apparent	 is	how	sparse	the	 instances	of	bridging	discourses	were	 for	six	
out	of	the	eight	teachers:	Teacher	D	-	4	instances;	Teachers	F	and	H	-	5	instances	each;	Teacher	
















































Teacher	A:	We	need	 that	oxygen	 to	breathe	and	 then…during	 the	night…during	 the	night,	 they	
give	 off	 what?	 Carbon	 dioxide…You	 must	 never,	 never,	 never	 take	 plants	 into	 your	 sleeping	
bedroom,	okay?		
	 	 	 	 	 	 (Lesson	A1,	episode	7)	
	 	





























the	class.	Teacher	B	explained	 the	meaning	of	 the	word	 ‘feature’	 in	 the	definition	by	using	an	
analogy	of	physical	features	that	might	be	used	identify	members	of	a	family:		
Learner:	(reading	aloud)	Properties:	feature	of	something	which	can	be	used	to	identify.	

















	 	 	 	 	 	 (Lesson	B4,	episode	3)	
However,	 not	 all	 references	 to	 everyday	 knowledge	 necessarily	 bridged	 the	 gap	 to	 science	
knowledge.	Although	Teacher	A	provided	many	 lively	 and	entertaining	 everyday	examples	or	
analogies	 for	 science	 concepts,	 few	were	 clearly	 linked	 to	 science	 knowledge	 and	 some	were	
misleading	 or	 factually	 incorrect:	 for	 example	 Teacher	 A’s	 reference	 to	 iron	 filings	 and	
sharpening	 a	 hoe;	 and	 his	 attempt	 to	 explain	 the	 concept	 of	 a	 food	web	with	 reference	 to	 a	
goose’s	 webbed	 foot	 and	 the	 fabric	 between	 the	 spokes	 of	 an	 umbrella	 	 (transcript	 excerpts	




























	 	 	 	 	 	 (Lesson	B4,	episode	2)	
Lesson	C2:	Different	types	of	mixtures	
Teacher	C	had	 instructed	 groups	of	 learners	 to	mix	 vinegar	 and	water	 in	 test	 tubes	 and	 then	
shake	 them	 to	 show	 that	 the	 two	 liquids	 dissolved	 in	 one	 another.	 She	 then	 introduced	 the	
scientific	term:	‘miscible	liquids’	–	a	‘special	name’.	
Teacher	 C:	 Therefore	 the	 liquid	 that	 dissolves	 easily	 in	water,	 those	 liquids	 are	 known	 as	 the	
miscible	liquids	(writes	on	chalkboard).	
	 Miscible	liquids	









Teacher	 C:	 Okay	 just	 give	 me	 other	 examples	 besides	 vinegar	 and	 water.	 Other	 examples	 of	


























teacher’s	 and	 students’	 talk	 around	 the	 activities	 (Leach	 and	 Scott,	 2002)	 that	 teaching	 and	
learning	can	occur.’	(p.	1).		
In	this	analysis,	instances	were	counted	of	teachers	provided	an	explicit	bridge	from	empirical	
evidence	 to	 generalization,	 by	 following	 a	 process	 of	 description	 of	 observations,	 then	
explanation	and	generalization.	
There	 were	 a	 total	 of	 40	 practical	 activities	 and	 demonstrations	 in	 the	 40	 observed	 lessons,	
although	these	were	not	evenly	distributed	between	teachers	or	over	lessons:	(see	Appendix	6.	
for	summary	of	practical	activities):	there	were	no	practical	activities	in	the	lessons	in	Classes	D	
and	 E;	 and	 only	 1	 observed	 in	 Class	 F.	 At	 the	 other	 end	 of	 the	 scale	 there	were	 10	 practical	
activities	 in	 Class	 G	 and	 17	 in	 Class	 A.	 However,	 in	 five	 of	 the	 six	 classes	 where	 there	 were	
practical	 activities	 (A,	 C,	 F,	 G,	 H),	 there	 was	 only	 one	 instance	 (in	 Lesson	 C1)	 of	 bridging	
discourse	that	supported	learners’	understanding	of	the	practical	work	as	evidence	of	a	broader	
generalized	principle,	following	the	stages	of	description		=>	explanation	=>	generalization.		
By	 contrast,	 in	 Teacher	 B’s	 lessons,	where	 there	were	 five	 practical	 activities,	 there	were	 34	
instances	 of	 bridges	made	 from	 practical	 observations	 to	 generalisations.	 These	 generalizing	
principles	were	 repeated	 at	 several	 points	 in	 the	 lessons	 and	 served	 to	 link	 the	 series	 of	 five	













As	 noted	 in	 the	 lessons	 of	 Teachers	 A,	 C,	 F,	 G	 and	 H,	 in	 the	 talk	 that	 followed	 the	 practical	
activities,	 there	was	generally	 some	description	and	perhaps	explanation.	However	 there	was	
only	 one	 instance	 (in	 Lesson	C1)	where	 there	was	 a	 link	 to	 an	 explicit	 generalization.	 This	 is	
shown	in	the	extract	below:	
Lesson	C1:	Phases	of	matter	and	phase	changes	
Teacher	 C	 had	 introduced	 the	 different	 phases	 of	 matter	 and	 the	 idea	 that	 these	 should	 be	
classified	according	to	their	properties.		
Teacher	C:	So	we	classify	these	phases	according	to	their	properties.	Why	do	we	classify	them?	





front	 desk)	We	 are	 going	 to	 use	 these	 three	 containers	 for	 the	 properties	 of	 liquids.	 	 You	 are	
going	to	tell	me	what	are	the	properties	of	liquids,	after	we	have	done	this	activity.			
One	 of	 the	 learners	 poured	 the	 water	 into	 the	 three	 different	 shaped	 containers.	 Teacher	 C	
elicited	that	the	liquid	took	the	shape	of	the	container:	






























	 	 	 	 	 	 (Lesson	C1,	episodes	2	&	3)	
Teacher	 C	 then	 elicited	 that	 the	 volume	 of	 the	 liquid	 remained	 the	 same	 and	 concluded	 by	
describing	 the	properties	 of	 volume	and	 shape	 for	 all	 three	phases	of	matter.	 In	 this	way	 the	
demonstration	 relating	 to	 the	 properties	 of	 liquids	was	 linked	 to	 the	 broader	 concept	 of	 the	
properties	for	all	three	phases	of	matter.		
In	Teacher	B’s	lessons,	there	were	practical	activities	in	each	of	the	five	lessons	(see	Appendix	4	





	The	 two	 examples	 below	 illustrate	 the	 same	 practical	 activity	 –	 making	 a	 compound,	 iron	
sulphide	-	and	the	difference	in	the	talk	that	followed	in	two	different	classes:	Class	B	and	Class	
G.	 In	 Lesson	 B2,	 the	 bridging	 from	 practical	 observation	 and	 description,	 to	 explanation,	 to	
generalization	 was	 clearly	 evident;	 whereas	 in	 Lesson	 G1,	 the	 talk	 that	 followed	 the	 same	




mixture	 of	 iron	 filings	 and	 sulphur	 powder	 in	 a	 test	 tube	 so	 that	 they	 reacted	 and	 formed	 a	


















the	 reactants;	 that	 the	 name	 of	 the	 product	 was	 iron	 sulphide;	 and	 that	 it	 was	 called	 a	
compound.	He	then	asked:	













relation	 to	a	different	compound:	water.	He	 then	reiterated	 the	generalization	(see	below:	 ‘its	
not	always	going	to	be	iron	and	sulphur’;	and		‘every	time’)	and	wrote	up	the	generalization	on	
the	chalkboard:	





have	 different	 properties	 from	 that,	 ehh	…	 (writes	 on	 the	 chalkboard)	 Let’s	 put	 there	 ‘with’	…	
with	different	…	with	different	properties	from	what?	From	the	reactants,	okay?	Is	it	clear?		









learners	 the	 empirical	 basis	 of	 science	 knowledge.	 This	 contrasts	 with	 the	 same	 practical	
activity	in	Lesson	G1	shown	below.	
Lesson	G1:	making	compounds	
In	 lesson	G1	on	 compounds,	 there	were	 five	practical	 activities	 and	demonstrations	 involving	










Teacher	 G:	Heh!	 A	 grey	 colour!	 So	 this	 ...	 the	 colour	 of	 the	mixture	 of	 iron	 filings	 and	 sulphur	
changed	to?	
Teacher	G	&	Learners:	Grey!	















































a	compound	 to	 introduce	 the	scientific	 terms	 ‘reactants’	and	 ‘product’.	However	 there	was	no	
real	explanation	of	what	a	compound	was	beyond	stating	that	it	was	a	product;	and	there	was	
no	 linking	 to	 any	 conceptual	 framework	 as	 there	 was	 in	 the	 case	 of	 Lesson	 B2.	 So	 although	
learners	were	busily	engaged	in	practical	activities	with	chemicals	and	test	tubes,	there	was	no	
bridging	 discourse	 to	 link	 the	 empirical	 observations	 to	 a	 theoretical	 understanding:	 instead	
learners	were	 left	with	 fragmented	bits	 of	 knowledge	about	particular	 experiments.	This	was	




concepts	 into	a	written	 form	 i.e.	where	 learners	had	 to	generate	 their	own	written	 texts;	 and	
where	 the	 teacher	 provided	 support	 to	 learners,	 to	 scaffold	 the	 bridge	 from	 oral	 to	 written	
understanding	across	the	mode	continuum.	So	instances	where	learners	were	required	to	copy	
notes	were	not	 counted;	 nor	were	 instances	when	 they	wrote	down	points	drawn	 from	 their	













• Learners	were	 required	 to	 tabulate	 their	 observations	of	 the	properties	 of	 iron	 filings	
and	 sulphur	 powder	 before	making	 a	mixture	 of	 the	 two	 substances;	 and	 in	 the	 next	
lesson,	heated	the	two	substances	to	make	a	compound.	These	practical	activities	were	






• At	 the	 end	 of	 Lesson	 B2	 on	 compounds,	 learners	 had	 to	 tabulate	 three	 differences	
between	mixtures	and	compounds.	This	was	rehearsed	orally	in	class.	
Lesson	B3:	separating	mixtures:	soil	and	water	
• At	 the	 end	 of	 Lesson	 B3,	 learners	 were	 required	 to	 draw	 and	 label	 the	 filtration	








provided	 a	 writing	 frame	 on	 the	 chalkboard	 and	 elicited	 the	 key	 point	 orally,	 before	
learners	completed	the	task	individually	in	class.		









































is	 attracted?	 Are	 they	 both	 attracted?	 Are	 both	 of	 them	 are	 attracted	 or	 none	 of	 them	 are	
attracted?	
Learner:	One	is	pulled.		











Teacher	 B:	 I	 do	 not	 know.	 That	 is	 what	 you	 should	 decide	 and	 give	 us	 the	 answer.	 What’s	
happened?	Mhm?	
After	 the	 learners	 had	 completed	 the	 practical	 activity,	 Teacher	 B	 led	 them	 orally	 through	
reasoning,	 to	 the	 generalized	 definition	 of	 a	 mixture,	 which	 was	 then	 written	 up	 on	 the	
chalkboard.	
Teacher	 B:	 Mixture.	 You	 should	 look	 at	 the	 properties	 of	 those	 things,	 okay?	When	 you	 have	
those	 two	 substances…	 let’s	 all	 listen	 ...	When	 you	have	 those	 two	 substances,	 iron	 filings	 and	
sulphur,	okay?	
Learners:	Yees	




















	 	 	 	 	 	 	 	 (Lesson	B1,	episode	2)	
Lesson	B1	concluded	with	Teacher	B	eliciting	other	examples	of	mixtures	and	the	generalisation	







In	Lesson	G1	 learners	carried	out	 five	different	practical	activities,	all	 concerned	with	making	


























eight	 classes	 (all	 except	 Classes	 G	 and	 H).	 However	 of	 the	 35	 links	 between	 empirical	 and	
theoretical	knowledge,	only	one	was	made	by	Teacher	C	and	the	rest	by	Teacher	B;	and	all	the	
examples	of	bridging	from	oral	to	written	language	occurred	in	Teacher	B’s	class.		
The	 strong	 bridging	 discourses,	 from	 practical	 activities	 to	 theoretical	 understandings	 in	
Teacher	 B’s	 lessons,	 contributed	 to	 the	 strong	 lesson	 coherence	 that	 was	 identified	 in	 his	
lessons	 in	 the	 analysis	 of	 the	 science	 content.	 	 Conversely,	 the	 almost	 complete	 absence	 of	
practical	 –theoretical	 bridging	 in	 the	 lessons	 of	 the	 other	 seven	 teachers,	 contributed	 to	 the	
relatively	low	levels	of	coherence	of	the	science	content	in	their	lessons.	
The	 low	 levels	of	bridging	of	 science	 content	 from	oral	 to	written	mode	 in	 seven	of	 the	 eight	







To	 return	 to	 the	 research	question:	What	was	 the	nature	 of	 the	 classroom	discourse	 through	




in	 line	 with	 findings	 in	 other	 studies	 (for	 example	 The	 National	 Oracy	 Project	 in	 the	 UK	
[Norman,	1992];	TIMSS	video	study	[Roth	et	al.,	2006]),	namely	that	lessons	were	dominated	by	
teacher-talk;	 in	 this	 study	 teacher-talk	accounted	 for	between	80,5%	and	98,5%	of	 classroom	
discourse.		
Some	probing	of	the	data	revealed	that	more	teacher	talk	did	not	necessarily	mean	more	science	
content	 –	 for	 example	Teacher	A	 and	Teacher	H	presented	 almost	 the	 same	number	 of	 ideas	
over	 the	 five	 lessons	but	Teacher	A	used	about	 four	 times	 the	number	of	words	as	Teacher	H	
overall.	In	the	comparison	of	the	teaching	of	the	same	lesson	content	in	Lessons	A2,	B3	and	G2,	
there	was	 likewise	a	wide	 range	 in	 the	numbers	of	words	 spoken,	 to	 teach	 the	 same	content:	
Teacher	B	taught	the	content	in	half	the	number	of	words	to	that	of	Teacher	A;	and	Teacher	G	
used	one	 tenth	of	 the	number	of	words	 compared	 to	Teacher	A.	There	does	not	appear	 to	be	
anything	 like	 an	 optimum	 relationship	 between	words	 and	 ideas;	 but	 Breen	 (1998,	 in	Walsh	
2006)	has	suggested	that	a	combination	of	extreme	wordiness	and	lack	of	focus	might	result	in	
learners	 ‘getting	 lost	 in	 the	 discourse.’	 On	 the	 other	 hand,	 Donovan	 and	 Bransford	 (2005)	
suggest	that	concepts	need	to	be	supported	by	‘multiple	representations	that	are	rich	in	factual	




well	 understood’	 (p.	 6).	 It	 seem	 that	 something	 like	 a	 sharp	 focus	plus	 sufficient	 detail	might	
comprise	an	appropriate	balance.	
What	 the	 data	 also	 revealed	 is	 that	 there	 did	 not	 appear	 to	 be	 a	 simple	 inverse	 relationship	
between	 the	 amount	 of	 teacher	 talk	 and	 learner	 talk.	 So	while	 Teacher	 A	 spoke	 the	most	 in	
lessons	 (91	 words	 per	 minute)	 and	 the	 learners	 in	 his	 class	 spoke	 the	 least	 (1,4	 words	 per	
minute);	Teacher	B	spoke	the	second	most	(77	words	per	minute)	but	the	learners	in	his	class	
also	 spoke	 more	 (4,8	 words	 per	 minute)	 than	 learners	 in	 six	 of	 the	 other	 classes;	 and	 only	
second	to	Class	E	where	lessons	consisted	almost	entirely	of	learners	reporting	back	on	group	
discussion	or	poster	presentation.	So	 it	 seems	 that	 there	needs	 to	be	a	relatively	high	 level	of	
teacher	talk	to	sustain	learner	talk.	
Discourse	patterns:	building	coherence	
Given	 the	 claims	 in	 the	 literature	 about	 the	 importance	 of	 engaging	 learners	 in	 ‘learning	





the	 science	 content	 and	 the	 nature	 of	 science	 knowledge:	 for	 a	 teacher	 to	 be	 contingently	
responsive	 to	 learners’	 contributions,	 she	 or	 he	 needs	 to	 have	 a	 broad	 and	 flexible	
understanding	 of	 the	 science	 content	 and	 the	 confidence	 to	 invite	 and	 build	 on	 learners’	
responses.	So	for	a	teacher	to	engage	in	dialogic	or	learning	discourses	requires	sound	science	






discourse	 of	 seven	 of	 the	 eight	 teachers:	 in	 the	 case	 of	 six	 of	 the	 eight	 teachers,	 the	 science	
content	was	presented	to	learners	predominantly	by	means	of	teacher	instructional	monologue,	
with	 some	 information	 elicited	 from	 learners	 or	 reinforced	 through	 IRE	 sequences,	 and	 to	 a	
lesser	extent	oral	cloze	sequences	–	except	in	the	case	of	Teacher	G	who	used	more	oral	cloze	
than	 IRE	 sequences.	 In	 the	 case	 of	 Teacher	 E,	 lesson	 content	 came	 principally	 from	 learners	
reporting,	with	some	IRE	sequences	that	were	mainly	directed	at	eliciting	marks	from	the	class	
for	the	groups	who	had	reported.		
By	 contrast,	 in	 Teacher	 B’s	 lessons,	 the	 analysis	 showed	 that	 the	 science	 content	 was	
constructed	mainly	 though	 dialogic	 exchanges	 (47%	 of	 classroom	 discourse),	 with	 some	 IRE	
exchanges	 for	 reviews	 or	 consolidation,	 or	 to	 elicit	 observations;	 and	 occasional	 use	 of	 oral	
cloze	 to	 emphasise	 a	point	or	 a	new	word.	These	dialogic	 exchanges	 served	 to	both	maintain	
learners’	engagement	and	 induct	them	into	the	pattern-based	reasoning	that	 formed	the	basis	
for	 the	 cumulation	and	organization	of	 the	 science	 content	 into	 clear	 conceptual	 frameworks.	
Teacher	B’s	feedback	in	these	dialogic	exchanges	was	closely	tied	to	the	responses	of	learners,	
with	 what	 Wells	 (1999)	 describes	 as	 ‘contingent	 responsiveness’,	 thus	 building	 learners’	
contributions	 into	 the	 construction	 of	 science	 knowledge	 in	ways	 that	 could	 be	 described	 as	




into	 conceptual	 frameworks.	 This	 would	 account	 for	 the	 greater	 degree	 of	 coherence	 in	 the	
science	 content	 in	 Teacher	 B’s	 lessons	 –	 a	 necessary	 condition	 for	 the	 opportunity	 to	 learn	
science.	The	relative	absence	of	 this	kind	of	 classroom	discourse	 in	 the	practices	of	 the	seven	


















bridging	 in	 the	 classroom	 discourse.	 The	most	 common	 form	 of	 bridging	 discourse	was	 that	
between	 everyday	 language	 and	 science	 language,	 with	 at	 least	 one	 example	 in	 each	 class.		
There	was	some	evidence	of	bridging	between	everyday	knowledge	and	science	knowledge	in	
the	classroom	discourse	of	six	of	the	eight	teachers;	but	little	evidence	of	the	other	two	aspects	-	









school	 gap	 and	 provide	 access	 to	 the	 more	 abstracted	 knowledge	 and	 language	 of	 school	
science.		
Teacher	B’s	pedagogy	showed	how	the	classroom	discourse	can	operate	to	engage	learners,	to	
cooperatively,	 systematically	and	cumulatively	build	 the	 science	knowledge	within	and	across	
lessons;	and	simultaneously	to	bridge	the	gap	between	everyday	knowledge	and	language,	and	
science	 knowledge	 and	 language;	 and	 between	 practical	 experience	 and	 theoretical	





the	 gap	 between	 the	 learners’	 home	 language	 and	 the	 language	 of	 reading,	 writing	 and	
assessment:	English.	This	is	an	area	of	writing	and	research	that	has	developed	its	own	field	in	
the	 literature:	 that	 of	 bilingual	 education.	 It	 is	 a	 politically	 contested	 issue,	 in	 South	Africa	 as	
well	 as	 in	 other	 bi-	 and	 multilingual	 contexts	 and	 continues	 to	 provoke	 debate	 within	





to	 reduce	 the	 length	 of	 the	 lesson	 excerpts	 provided.	 This	was	 intended	 to	make	 it	 easier	 to	













An	 aspect	 of	 bridging	 discourses	 that	 was	 not	 considered	 in	 the	 previous	 section	 was	 that	
between	 isiXhosa,	 the	 learners’	 home	 and	 community	 language,	 and	 English,	 the	 language	 of	













was	 interested	 to	see	how	reputable	 teachers	dealt	with	 these	challenges	and	what	strategies	
they	employed	to	overcome	the	language	proficiency	gap	and	support	learners’	opportunities	to	
learn	science.	The	details	of	the	arguments	for	and	against	English	or	home	language	LoLT	have	
been	discussed	 in	 the	sections	on	the	research	context	and	conceptual	 framework	so	 they	are	








broad	 functions	 of	 teachers’	 bilingual	 practices,	 where	 these	 occurred.	 This	 analysis	 has	
provided	a	basis	for	a	consideration	of	the	pedagogical	value	of	such	practices	and	whether	or	
not	 they	 constructed	or	 constrained	 the	opportunity	 to	 learn	 science	 in	 the	observed	 lessons.	
(*Note	 that	 in	 the	 illustrative	 excerpts,	 the	 isiXhosa	 words	 are	 in	 italics	 and	 the	 English	
translation	follows	in	square	brackets.)	
Contexts	
Both	 teachers’	 and	 learners’	 language	 practices	 in	 the	 classroom	 are	 nested	 within	 broader	
social-political-economic	 ecologies	 and	 are	 influenced	 by	 these	 contexts	 (explored	 in	 the	
theoretical	 framework)	 as	 well	 as	 by	 the	 particular	 school	 policies,	 practices	 and	 attitudes	
towards	language	use	in	the	classroom;	and	the	individual	beliefs	and	attitudes	of	the	teachers	
and	learners	themselves.		In	order	to	investigate	the	particular	contexts	of	the	classrooms	in	this	
research,	 the	 teachers	 were	 interviewed	 after	 the	 observation	 period,	 about	 the	 linguistic	
context	and	language	policies	of	their	schools,	and	their	own	beliefs	and	practices.		
Language	policies	and	practices		
As	 is	often	 the	case	 in	situations	where	 the	 language	of	reading,	writing	and	assessment	 is	an	
additional	 language	 (usually	English,	 in	South	Africa),	 teachers	and	 learners	very	often	utilize	
their	home	language	as	well	as	the	official	language	of	learning	and	teaching,	in	oral	classroom	
interactions.	The	extent	 to	which	 they	do	 this	may	depend	on	 the	 language	proficiency	of	 the	
learners,	the	teacher’s	own	language	proficiency,	school	policy	and	the	teacher’s	beliefs	on	the	
matter.	 Schools	might	 also	differ	 in	 terms	of	whether	 they	have	 any	kind	of	 explicit	 language	
policy,	including	the	extent	to	which	there	are	explicit	expectations	as	to	teachers’	and	learners’	




differences	 between	 schools	 and	 some	 contradictions	 between	 aspirations,	 expectations	 and	
practice.		
None	of	the	eight	schools	in	the	study	had	formally	adopted	language	policies	as	required	by	the	







According	 to	 Teacher	 A	 and	 Teacher	 B,	who	were	 also	 principals	 of	 their	 schools,	 it	was	 the	
parents	who	wanted	 the	 LoLT	 to	 be	 English	 from	 Grade	 1	 in	 School	 A,	 and	 from	 Grade	 2	 in	
School	B	–	although	both	principals	noted	that	this	proved	to	be	unworkable	in	practice	and	so	
teachers	 were	 obliged	 to	 communicate	 with	 learners	 in	 their	 home	 language,	 isiXhosa.	 	 In	






















In	 the	 three	 township	 secondary	 schools,	 the	 LoLT	was	 English	 from	 Grades	 8	 to	 12,	 but	 as	
learners	 would	 have	 been	 drawn	 from	 a	 wide	 range	 of	 feeder	 schools,	 there	 was	 no	way	 to	
establish	for	how	long	the	Grade	8	learners	had	been	learning	though	the	medium	of	English.		
Nevertheless,	 in	 all	 eight	 schools,	 in	 Grade	 8,	 textbooks	 and	 other	 written	materials	 were	 in	







learners	 had	 not	 fully	 understood	 their	 English	 explanations	 and	 to	 speed	 up	 the	 learning	
process:	
Teacher	C:	Mm.	I’m	sure	most	of	us,	in	fact	all	of	us	usually	switch	to	Xhosa	because	these	people	








themselves	 had	 problems	 with	 English	 and	 so	 tended	 to	 teach	 in	 isiXhosa.	 However	 he	 had	





Teacher	 D	 reported	 that	 the	 expectation	 by	 the	 principal	 and	 senior	 teachers	 was	 that	 only	
English	should	be	used	in	the	classroom;	but	that	she	and	the	younger	teachers	did	not	stick	to	
this	 and	 switched	 to	 isiXhosa,	 when	 they	 were	 alone	 with	 the	 learners	 and	 they	 felt	 it	 was	
necessary	(see	quotation	by	Teacher	D	in	relation	to	reactivity	later	in	this	chapter).	




In	 the	 following	section,	 the	 language	use	of	 teachers	and	 learners	was	analysed	according	 to	











Figures	 7.2.	 –	 7.4..	 In	 Figure	 7.2.	 the	 teachers’	 and	 learners’	 language	 use	 has	 been	 scaled	 to	
percentages	 to	 allow	 for	 easier	 comparison	 between	 classes.	 In	 Figures	 7.3.	 and	 7.4.	 the	
























































of	 English	 and	 isiXhosa:	 Teacher	 B	 used	more	 isiXhosa	 than	 English	 (53%	 isiXhosa	 and	 47%	




B,	 F	 and	 H	 used	 almost	 the	 same	 balance	 of	 languages:	 42%,	 39%	 and	 43%	 isiXhosa	
respectively;	while	learners	in	Classes	A	used	13%	isiXhosa;	learners	in	Class	D	–	11%;	learners	
in	Class	C	–	6%;	and	learners	in	Classes	E	and	G	used	no	isiXhosa.		




The	relatively	 low	 levels	of	 isiXhosa	use	by	seven	of	 the	eight	 teachers	raises	questions	about	
the	data	and	whether	 it	 in	 fact	 reflects	 teachers’	natural	practices	or	whether	 teachers	had	 in	























they	 are	 relatively	 unaffected	 by	 the	 presence	 of	 a	 researcher	 in	 the	 classroom	 (for	 example,	
Alexander,	2001,	p.	277;	Stigler,	Gonzales,	Kawanaka,	Knoll	&	Serrano,	1999,	p.	7).	However,	it	
may	 be	 that	 as	 far	 as	 their	 bilingual	 language	 practices	 are	 concerned,	 teachers	 are	 used	 to	
alternating	 languages	 quite	 flexibly	 in	 response	 to	 different	 contexts	 both	 inside	 and	 outside	
classrooms	–	 i.e.	 languaging	practices	are	not	as	 set	as	other	pedagogical	practices;	and	given	
the	 conflicts	 and	 tensions	 surrounding	 the	 language	 of	 learning	 and	 teaching,	 that	 have	 been	
discussed,	this	might	well	result	in	teachers	changing	their	practices	when	being	observed.		
This	was	illustrated	when	teachers	were	asked	in	the	interviews	about	their	reactions	to	being	
observed	 and	 having	 their	 lessons	 video-taped:	 most	 claimed	 they	 had	 not	 changed	 their	
practices,	although	some	had	felt	a	 little	self-conscious	to	start	with.	However,	Teacher	D	very	






What	was	also	notable	was	 that	 in	 the	case	of	 three	of	 the	 teachers	 (C,	F	and	H),	 there	was	a	
marked	shift	in	language	use	across	lessons.		(Teacher	D	has	been	excluded	as	her	use	of	isiXhosa	








7%	to	22%	for	Teacher	F;	and	even	more	dramatically	 from	0%	to	33%	for	Teacher	H.	 In	 the	
case	of	Teacher	C	the	reverse	trend	was	observed:	a	drop	from	19%	to	2%	isiXhosa	use	over	the	
five	lessons.		
It	 seemed	 that	 these	 shifts	 were	 a	 result	 of	 some	 reactivity:	 in	 the	 case	 of	 Teacher	 C,	 I	 was	
obliged	 to	 conduct	 the	 interview	with	her	 after	 the	 fourth	 lesson,	 as	 on	 the	 fifth	day	 she	 and	
about	 a	 third	of	 the	 class	was	going	 to	 attend	an	 inter-school	 choir	 competition;	 in	 fact	 there	
was	no	tuition	for	the	rest	of	the	school	that	day	except	for	the	science	lesson	which	she	taught	
especially	 for	 my	 benefit	 –	 in	 return	 for	 which	 I	 transported	 her	 and	 the	 learners	 to	 the	
competition	 in	 the	nearest	 small	 town.	The	 logistics	 and	 costs	 of	 returning	 to	 the	district	 the	
following	week	seemed	to	justify	this	compromise.	My	fieldnotes	for	the	day	read	as	follows:	
I	 was	 dubious	 about	 doing	 it	 [the	 interview]	 before	 completing	 the	 lesson	 observation	 and	
videoing	as	 I	 thought	 it	might	 influence	 the	 teachers’	 behaviour;	 on	 the	other	hand	 I	 reasoned	
that	teachers’	behaviour	is	very	resistant	to	change	so	probably	the	interview	wouldn’t	influence	
her	 behaviour	much	 –	 and	 in	 any	 event,	 I	 had	 already	made	 explicit	my	 interest	 in	 language.	
However,	 it	 seemed	 that	 talking	 about	 her	 implicit	 language	 practices	 especially	 in	 terms	 of	
codeswitching,	did	 influence	her	behaviour	on	day	5	–	 I	noticed	that	she	used	much	 less	Xhosa	
































However	 the	other	 two	 teachers	 (F	and	H)	were	 interviewed	after	 the	end	of	 the	observation	
periods	and	so	the	discussions	would	not	have	affected	their	language	use.		Both	said	that	they	
had	 tried	 to	 stick	 to	 English	 more	 than	 usual	 to	 accommodate	 me,	 the	 researcher,	 on	 the	
assumption	that	 I	would	not	understand	 isiXhosa;	and	that	 learners	did	not	 think	they	should	
speak	isiXhosa	when	being	observed.	
During	the	observed	 lessons,	both	Teachers	F	and	H	signaled	to	 learners	 that	 they	should	use	
isiXhosa	if	they	wanted	to:	Teacher	F	told	learners	in	the	first	lesson	that	they	should	use	their	
home	language	if	they	had	difficulty	with	English:	
Teacher	 F:	 ‘But	 then…wena	 [yourself]	 you	 don’t	 have	 to	ukuzisokolisa,	ne	 [make	 it	 difficult	 for	
yourself,	okay]?	Thetha	ngoluhlobo	ufuna	ukuthetha	ngalo,	yaqonda;	of	course	ungazama	but	xa	
ubhideka	uthethe	ngesintu	uyayiqonda	 [speak	 in	whatever	manner	you	want,	you	see;	of	course	
you	can	try	but	when	it	is	difficult	speak	your	language,	understand]?’		 	 	 	






	 	 	 	 	 	 	 (Lesson	H5,	episode	5)	
From	this	point	on	in	Lesson	H5,	the	balance	of	language	use	shifted	abruptly	from	8%	to	58%	
isiXhosa	by	Teacher	H;	and	from	29%	to	91%	isiXhosa	by	the	learners.	Teacher	H	claimed	in	the	
interview	 this	was	because	 it	was	 a	 new	 section	of	work	but	 there	was	 little	 in	 the	 lesson	 to	






needed	 to	 be	 told	 to	 use	 isiXhosa	 in	 classes	 F	 and	H;	 and	 in	 class	 C,	 the	 teacher	 changed	her	
practice	once	she	felt	self-conscious	about	the	language	focus	of	the	observation.		
So	 it	 seems	 that	 the	 bilingual	 practices	 by	 teachers	 and	 learners	 was	 fairly	 fluid,	 fluctuating	





the	 learners’	 opportunities	 to	 learn	 science?	 Word	 counts	 alone	 do	 not	 help	 to	 answer	 this	





The	 following	 analysis	 was	 done	 from	 a	 functional,	 pedagogic	 perspective	 rather	 than	
structural,	linguistic	one.		
As	described	in	Chapters	2	and	3,	Ferguson	(2003,	pp.	39-43)	suggested	three	broad	pedagogic	










1.	Constructing	and	 transmitting	knowledge:	 this	would	 include	 science	 content	 knowledge	 as	
well	as	reference	to	learners’	own	experiences	in	support	of	understanding	the	science	content.	




39).	 This	would	 include	 banter	 not	 related	 to	 the	 lesson	 content	 and	 encouragement	 such	 as	
Heke!	(good).	

























that	 of	 ‘classroom	 management’.	 In	 Teacher	 D’s	 and	 F’s	 classes	 the	 main	 function	 of	 their	
isiXhosa	use	was	for	‘classroom	management’	(78%	and	51%	respectively).	As	the	chart	above	
shows,	 there	was	relatively	 little	use	made	of	 isiXhosa	 for	 interpersonal	relations:	only	 five	of	
the	teachers	did	this	at	all,	and	for	4%	or	less	of	the	isiXhosa	used	in	their	lessons.		
































































order	to	communicate	the	science	content	 of	 the	 lessons:	 this	 ranged	between	0%	and	10%	of	






lessons;	 but	 this	 also	 indicates	 that	 seven	of	 the	 eight	 teachers	did	not	 consider	 the	 learners’	
home	language	as	a	legitimate	resource	to	improve	learners’	opportunity	to	learn	science.	
Pedagogical	value	of	classroom	language	alternations	
The	 teachers’	 language	 alternations	 need	 to	 be	 unpacked	 further	 in	 order	 to	 consider	 the	
pedagogical	value	thereof,	and	in	what	ways	it	might	be	considered	to	construct	or	constrain	the	
opportunity	to	learn	science.		A	brief	return	to	the	literature	will	help	to	frame	these	ideas	and	
provide	 a	 guide	 as	 to	 what	 might	 constitute	 bilingual	 language	 practices	 that	 support	 the	
opportunity	to	learn	science.	
Literature	 on	 classroom	 codeswitching	 is	 based	 mainly	 in	 post-colonial	 settings,	 where	 the	
medium	 of	 instruction	 is	 a	 former	 colonial	 language	 which	 is	 not	 the	 home	 language	 of	 the	
learners.	As	described	in	Chapter	Two,	the	codeswitching	of	teachers	and	learners	in	relation	to	
lesson	 content,	 is	 generally	 to	 compensate	 for	 the	 learners’	 relatively	 poor	 proficiency	 in	 the	
medium	of	 instruction,	 and	 as	 such	 has	 very	 often	 been	 regarded	 as	 a	 deficit	 strategy	 by	 the	
participants;	 and	 often	 practiced	 covertly.	 The	 research	 community	 on	 the	 other	 hand	 have	









Constructivist	 ideas	on	 language	and	 learning	 in	 general	 suggest	 that	 face-to-face	 exploratory	
talk	 (Barnes,	 1976,	 1992)	 in	 groups	 would	 usually	 precede	 more	 context-reduced	
‘presentational	 talk’.	 Gibbons	 (2006)	 has	 described	 the	 teacher’s	 role	 in	 mediating	 and	
scaffolding	 this	 process	 of	 moving	 from	 exploratory	 to	 presentational	 talk	 in	 whole	 class	
discussion,	which	is	then	a	preparation	for	writing	and	thus	scaffolding	a	move	across	the	mode	
continuum.		
Science	 lessons	are	typically	structured	 in	 terms	of	a	review	of	existing	knowledge	on	a	 topic,	
introduction	of	new	 ideas	–	often	 though	practical	activities	 -	discussion	and	making	sense	of	
the	practical	work	in	terms	of	linking	it	to	science	theory;	and	then	writing	and	consolidation	of	
the	new	ideas	in	some	form;	and	so	in	science	lessons	the	teacher’s	scaffolding	of	this	process	of	
moving	 from	 exploratory	 to	 presentational	 talk	 would	 occur	 in	 the	 whole	 class	 discussion	
following	practical	work	in	groups	(Gibbons,	2006).	
In	 a	 bilingual	 context,	 it	 would	 seem	 logical	 to	 develop	 learners’	 knowledge	 in	 their	 home	
language	 and	 then	 transfer	 this	 understanding	 to	 the	 second/additional	 language	 (L2),	 what	
Cummins	 has	 described	 as	 ‘teaching	 for	 transfer’	 (Cummins,	 2008),	 or	 as	 Cook	 (2001)	 has	
suggested,	 to	 ‘build	up	 the	 inter-linked	L1	 and	L2	knowledge	 in	 students’	minds.’	 Setati	 et	 al.	
(2002)	 referred	 to	 teachers	 and	 learners	 moving	 from	 ‘informal,	 exploratory	 talk	 in	 the	





This	 would	 suggest	 using	 the	 learners’	 home	 language	 for	 exploratory	 talk	 –	 both	 in	 group	
discussions	 by	 learners	 or	 teacher-led	 exploratory	 talk	when	making	 sense	 of	 practical	work	
and	developing	new	understandings;	and	then	transferring	this	understanding	to	the	additional	
language,	first	orally	(see	Clegg	&	Afitska,	2011)	and	later	in	writing.		
This	 would	 amount	 to	 a	 strategic	 and	 systematic	 use	 of	 two	 languages	 –	 what	 could	 be	




on	 understanding’	 (Barnes,	 2008)	 in	 a	 systematic	way.	 	 The	 other	 teachers	who	made	 use	 of	
isiXhosa	to	communicate	science	content	for	between	3%	and	10%	of	classroom	talk	(Teachers	










	 	 	 	 	 	 	 (Lesson	C1	episode	5)	
3. to	elaborate	a	concept		






Teacher	C:	 If	amanzi	siyawagalela	e	jugini	athath’	i-shape	yalo	[if	we	pour	water	 into	a	 jug	 they	




	 	 	 	 	 	 	 (Lesson	C1,	episode	3)	
4. to	repeat	or	rephrase	a	question		
Teacher	F:	why	do	we	have	a	 light	 there?	Why	do	we	have	a	 light	 in	 that	bulb.	After	you	have	
connected	it	in	a	battery?	Kutheni	lento	sithi	sibone	ilaythi	[why	do	we	see	a	light]?	
	 	 	 	 	 	 	 (Lesson	F1,	episode	1)	
	
5. to	alternate	between	English	and	isiXhosa	in	an	explanation/exposition	





	 	 	 	 	 	 	 (Lesson	F4,	episode	2)	
6. to	refer	to	examples	from	learners’	everyday	experience			
Teacher	A:	We	call	it	residue.	Enye	iresidue	oyaziyo	yileya	uyisebenzisa	kusasa		xa	unkinkisha	iti	le	
ihlala	esitreyineni	yi-residue	 [the	other	residue	you	know	 is	when	you	make	 tea	 in	 the	morning	
the	one	that	you	find	in	a	strainer	is	residue].		
	 	 	 	 	 	 	 (Lesson	A2,	episode	14)	
7. to	translate	an	extract	from	the	English	textbook	into	isiXhosa			
Teacher	C:	U-Katleho	wanted	to	make	jelly	for	dinner,	ufuna	ukuwenzwa	i-jelly	for	i-dinner	yakhe	
[he	wants	 to	make	 jelly	 for	 his	 dinner].	Wamisa	amanzi	 [he	 boiled	 some	water],	 once	amanzi	







Teacher	C:	He	 is	stirring,	 then	when	the	 jelly	powder	has	dissolved	he	added	some	cold	water.		
Wathi	iyadissolva	 [he	 saw	 that	 it	had	dissolved)	Wagalela	ntoni	 (what	did	he	pour	 in)?	Amanzi	
awabandayo	andithi	[water	that	is	cold,	isn’t	that	so]?	Wogqiba	lo	mixture	wayifaka	phi	[after	that,	
he	took	that	mixture	and	put	it,	where]?		Efridgini	[in	the	fridge].		 	 	 	
	 	 	 	 	 	 	 (Lesson	C1,	episode	4)	
In	 interviews	 the	 teachers	 who	 tended	 to	 codeswitch	 and	 translate	 to	 mediate	 the	 science	
content	(Teachers	A,	C,	F	and	H),	said	that	they	knew	that	if	they	stuck	to	English	for	the	whole	
lesson,	 some	 learners	would	 not	 understand	 the	 content:	 ‘Because	 you	will	 be	moving	 ahead	
alone	if	you	don’t	do	that	(codeswitch)’	(Teacher	F).		
These	 teachers	 also	 said	 that	 they	 would	 switch	 to	 isiXhosa	 in	 response	 to	 cues	 from	 the	
learners	that	they	had	not	understood:		
Teacher	C:	When	I	look	at	them	I	can	see	that	some	of	them	don’t	understand…	I	can	see	if	they	




The	 forms	of	 codeswitching	and	 translation	 to	 support	 learners’	understanding	of	 the	 science	
content,	 as	 identified	 above,	 are	 very	 much	 in	 line	 with	 the	 literature	 on	 classroom	
codeswitching	(see	Chapter	Two);	and	it	seems	likely	that	these	forms	of	 language	alternation	
would	 have	 helped	 learners	 to	 understand	 more	 of	 the	 lesson	 content	 than	 if	 they	 had	 not	
codeswitched	or	translated	at	all.	
It	 should	 be	 noted	 however,	 that	 in	 the	 literature	 there	 are	 some	 criticisms	 of	 direct	
translations,	 as	 it	 is	 claimed	 learners	might	 simply	 tune	 out	 from	 the	 additional	 language	 in	
anticipation	 of	 hearing	 the	 content	 being	 repeated	 in	 their	 home	 language	 (Wong-Fillmore,	






In	addition,	given	 the	relatively	 low	 levels	of	 isiXhosa	use	 for	communicating	science	content;	
and	 the	 fact	 that	 these	 teachers	 appeared	 to	 wait	 for	 a	 cue	 from	 learners	 that	 they	 did	 not	




of	words	 spoken)	 than	 the	 other	 teachers;	 and	 he	 seemed	 to	work	with	 both	 languages	 in	 a	
more	balanced	and	structured	way	–	more	in	line	with	the	notion	of	 ‘translanguaging’	and	the	
productive	 use	 of	 languages	 as	 suggested	 by	 Garcia	 (2009),	 Creese	 and	 Blackledge	 (2010),	
Canagarajah	(2011)	and	Lewis	et	al.	(2012a.	and	b.).	When	interviewed,	Teacher	B	said	that	if	he	
were	 teaching	 a	 new	 concept	 he	would	 first	 do	 so	 in	 isiXhosa	 and	 then	 in	 English.	 	 A	 closer	
examination	of	the	shifts	in	language	use	over	the	course	of	one	lesson	(B1)	supported	this.		
In	 that	 particular	 lesson	 the	 teacher	 was	 establishing	 the	 principle	 that	 in	 a	 mixture,	 the	















8.		 The	 lesson	 conclusion	 was	 interrupted	 by	 the	 teacher	 asking	 the	 class	 a	 question	 –	 why	 was	 it	
necessary	to	wrap	the	magnet	in	paper	before	bringing	it	close	to	iron	filings	-	and	a	brief	discussion	
followed	before	the	conclusion	stage	was	resumed	and	ended.		
So,	 the	 stages	 or	 episodes	 of	 the	 lesson	 included	 a	whole	 class	 question	 and	 answer	 review;	
three	 group	activities	 and	 report	 back	 sessions;	whole	 class	discussion	 and	 a	 conclusion.	The	




As	 Figure	 7.9.	 shows,	 the	 exploratory	 talk	 during	 the	 three	 group	 activities,	with	 the	 teacher	
mediating	 (Group	 practical	 1	 mediating;	 Group	 practical	 2	 mediating;	 Group	 discussion	
mediating),	was	mainly	in	isiXhosa:	73%,	64%	and	95%	isiXhosa	respectively	by	Teacher	B;	and	
59%,	 92%	 and	 80%	 isiXhosa	 respectively	 by	 the	 learners.	 However	 during	 the	 review	 and	



































when	working	on	meaning	and	 then	supported	 learners	 in	 transferring	 that	understanding	 to	
English	–	what	Cummins	(2008)	would	describe	as	‘teaching	for	transfer’.	
The	 following	 extracts	 from	 the	 transcript	 of	 the	 lesson	 are	 taken	 from	 the	 group	 discussion	
activity	 on	 defining	 a	 mixture;	 and	 the	 next	 extract	 is	 taken	 from	 the	 reporting	 back	 that	
followed	the	group	discussion.	These	illustrate	the	shift	from	exploratory	talk	in	isiXhosa	(100%	










esiXhoseni.	 Anichzi	 ukuba	 yintoni	 kanye	 kanye	 le.Yabo?	
Yintoni	 umxube?	 [what	 you	 have	 done	 is	 to	 change	 the	
word	 into	 isiXhosa,	 you	 do	 not	 explain	 what	 this	 really,	
really	 is.	 You	 see?	 What	 is	 a	 mixture?]	 	 	 Njengalapha,	
yabona	 [just	 like	 here,	 you	 see]?	 (pointing	 to	 mixture)	
Yabona	 ukuba	 kuyacaca	 ukuba	 kwenzeka	 ntoni	 [can	 you	





















1.	 Mixture.	 You	 should	 look	 at	 i-properties	 zezazinto,	 ne?	
[properties	 of	 those	 things,	 okay?]	 	When	 you	have	 those	
two	 substances…	masimamele	 sonke.	 [let’s	 all	 listen]	 Xa	 si	



































a	 lesson	 (B3),	 where	 Teacher	 B	 elicited	 key	 points	 derived	 from	 the	 practical	 work	 of	 the	
previous	lesson.	An	edited	version	of	this	lesson	transcript	was	used	in	section	2.1.	to	illustrate	
the	classroom	discourse	and	how	Teacher	B	engaged	learners	in	dialogic	exchanges	to	develop	
the	 scientific	 argument,	 following	 the	 explanatory	 arc	 from	 description	 to	 explanation	 to	
generalization.	 In	 this	 extract	 from	 the	 same	 lesson	 episode,	 the	 focus	 is	 on	 the	 teachers’	
pedagogical	 translanguaging	 practices	 and	 how	 the	 teacher	 establishes	 understanding	 in	 the	





say	 iron	 filings	 are	 magnetic?	 Lanto	 ibisenzeka	
siyesathini	[that	thing	that	that	happened	what	did	we	
say]?	 Iron	 filings	are	magnetic.	Mhmm?	Ithethuk’thini	
[what	 does	 it	 mean]?	 When	 we	 say	 iron	 filings	 are	
magnetic	 what	 do	 we	 mean	 by	 that?	What	 does	 the	
magnet	do	to	the	iron	filings?	Izenza	ntoni	[what	does	
it	 do	 to	 them]?	 Anithethi	 ngoku	 [you	 are	 not	 talking	
now].	Uthini	[what	do	you	say]?	
	






4.	 	 Same	 Learner:	 Iyazidibanisa	
[it	combines	them].	
5.	 Iyaz’thini	[what	does	it	do]?	 	
6.	 	 Same	 Learner:	 Iyazidibanisa	
[it	combines	them].	
7.	 Iyazidibanisa	 [it	 combines	 them]?	 Andinawthi	
iyazdibanisa,	 leliphi	 elinye	 igama	esinokulisebenzisa	 [I	
would	 not	 exactly	 say	 combines	 them,	 what	 other	
term	can	we	use]?	Wena	kaloku	xa	usithi	iyazidibanisa,	
utheth’ba	 iyazisondelanisa,	 ne	 [when	 you	 say	 it	
combines	 them,	 you	 mean	 it	 brings	 them	 closer,	
okay]?	 	 Izenza	 ntoni	 [what	 does	 it	 do	 to	 them]?	
Iyazthini	[it	does	what	to	them]?	What	happens?	
	
8.	 	 Learner:	 Iyaztsala	 [it	 pulls	
them].	
9.	 Iyaztsala,	 iyaztsala.	 Ngesilungu	 sizak’thi	 iyazthini	
kaloku	 uk’tsala	 [pulls	 them,	 pulls	 them.	 In	 English	





can	 use?	 I-scientific	 word	 esinokuyisebenzisa,	
besiyisebenz’s’izolo	 [a	scientific	word	that	we	can	use,	
we	used	 it	yesterday].	 	 Ithini	 [it	what]?	Kula	 [in	 that]	
pulling?	 Xa	 usondeza	 [when	 you	 bring]	 when	 you	
bring	 .i…	 i…iron	 filing	 i…i-magnet	 kwi	 [to]iron	 filings	
ziyatsaleka	 andithi	 [they	 get	 pulled	 isn’t	 it]?	 Sathi	
iyazithini	 [what	 did	 we	 say	 it	 does	 to	 them]?	Which	




13.	 You	 put	 up	 ...	 no,	 we	 did	 not	 use	 that	 name.	
Asisebenzisanga	elogama	 [we	did	not	use	 that	word].	
Eloqala	ngo	A	 [it	 starts	with	A].	Eqala	ngo	A	 [it	 starts	





15.	 Identify.	Hayi	khona	 [no	ways].	Not	 identify.	 Identify.	
Kaloku	besithe	…	besithe	uthini?	…	Kanene	 [remember	
we	said	…	we	said	they?	…remember]	Impawu	esibona	







17.	 Heke	 [Good]!	 Attract,	 attract.	 Besithe	 kanene	 kwiiron	








19.	 A	 i..i..	 i-magnet	 attracts	 intoni	 [what]?	 I-iron	 filings.	










leliphi	 elinye	 igama	esinokulisebenzisa	 [I	 would	 not	 exactly	 say	 ‘combines	 them;’	what	
other	term	can	we	use]?	(turn	7).		
• A	learner	offered	‘Iyaztsala	[it	pulls	them]’		(turn	8).	
• Teacher	 B	 accepted	 the	 learner’s	 isiXhosa	 term	 (iyatsala)	 and	 asked	 for	 the	 English	
translation	(turn	9).		
• A	 learner	 offered	 ‘pull’	 which	 Teacher	 B	 accepted	 and	 asked	 for	 a	 scientific	word	 for	
‘pull;’	he	repeated	the	question	in	isiXhosa	(turns	10-11).		
• A	learner	offered	an	incorrect	answer:	‘put	up;’	the	teacher	then	provided	a	clue	‘it	starts	








language	 in	 English,	 then	 in	 scientific	 language	 in	 English	 –	 in	 so	 doing,	 supporting	 learners’	
understanding	 in	 isiXhosa;	 then	 transferring	 that	 understanding	 to	 English;	 and	 at	 the	 same	
time,	moving	from	everyday	language	to	the	language	of	science.	This	demonstrates	a	possible	
route	on	 the	 ‘journey’	between	 isiXhosa	and	English;	and	between	everyday	 language	and	the	
discourse	 of	 science,	 as	 suggested	 by	 Setati	 et	 al.	 (2002);	 and	 at	 the	 same	 time,	 provides	 an	




The	 contexts	 for	 language	 use	 differed	 between	 schools	 in	 terms	 of	 language	 policy	 and	
expected	language	practices	by	teachers	and	learners:	nevertheless,	in	all	eight	schools	English	
was	 the	 accepted	 LoLT	 in	 Grade	 8	 in	 all	 of	 the	 eight	 schools;	 and	 as	 such,	 the	 language	 of	
reading,	 writing	 and	 assessment.	 However	 schools	 differed	 as	 to	 their	 expectations	 for	 oral	
language	use	by	teachers	and	learners,	along	a	continuum	from	ranging	from	full	adherence	to	
English	LoLT	in	School	H,	to	the	expectation	in	School	E	that	English	should	be	used	for	80%	to	







All	 of	 the	 teachers	 reported	 that	most	 Grade	 8	 learners	were	 not	 able	 to	 cope	with	 learning	
thought	 the	medium	 of	 English	 alone	 and	 so	 they	 and	most	 teachers	 in	 their	 schools	 would	
codeswitch	 to	 accommodate	 this	 perceived	 lack	 of	 English	 proficiency.	 However,	 when	 the	
actual	 language	use	by	teachers	and	 learners	was	quantified	 it	was	notable	 that	 in	 the	case	of	
seven	out	of	the	eight	teachers,	relatively	little	or	no	isiXhosa	was	used	in	the	observed	lessons	




other	 classes,	 isiXhosa	 use	 by	 learners	 ranged	 from	 6%	 (Class	 C)	 to	 42%	 (Class	 B)	 and	 43%	
(Class	H).		
It	appeared	that	reactivity	might	have	inhibited	teachers’	use	of	isiXhosa	in	classes	C,	D,	F	and	H;	
nevertheless	 it	can	be	assumed	that	 teachers	were	presenting	their	 ‘best	practice’;	and	 if	 they	
reduced	 the	 amount	 of	 isiXhosa	 they	used	when	being	observed,	 then	 this	 indicated	 that	 this	
was	not	regarded	as	a	legitimate	teaching	strategy.		
Coding	 of	 the	 functions	 of	 teachers’	 use	 of	 isiXhosa,	 when	 it	 occurred,	 showed	 that	 most	
teachers	who	did	 codeswitch,	 did	 so	mainly	 to	 communicate	 science	 content	 and	 secondly	 to	
manage	classroom	activities;	 for	Teachers	D	and	F,	most	switches	to	 isiXhosa	were	to	manage	
the	 class	 (78%	and	52%	respectively).	There	was	 relatively	 little	 codeswitching	 ‘to	humanize	
the	affective	climate	of	 the	classroom’	(Ferguson,	2003,	p.	39)	 in	 the	 form	of	 joking	or	banter,	
although	 instances	 of	 codeswitching	 that	were	 coded	 for	managing	 classroom	 activities	 –	 for	
example	discipline	and	encouragement	–	would	also	have	impacted	on	‘interpersonal	relations.’		
The	use	of	isiXhosa	to	communicate	science,	measured	as	a	percentage	of	classroom	language,	




was	 considerably	higher	 for	Teacher	B	who	used	 isiXhosa	 to	 communicate	 Science	 in	32%	of	
classroom	talk.	
Five	 of	 the	 six	 teachers	who	 did	 use	 isiXhosa	 to	 communicate	 science,	 tended	 to	 codeswitch	
when	 they	 observed	 from	 learners’	 expressions	 or	 responses	 that	 they	 did	 not	 seem	 to	 be	
understanding;	 so	 their	 codeswitching	 tended	 to	 be	 unplanned	 and	 reactive,	 rather	 than	 a	
systematic	 and	 purposeful	 strategy.	 By	 contrast,	 Teacher	 B	 tended	 to	 use	 more	 isiXhosa	 to	
communicate	science	content.	The	balance	of	language	use	in	Teacher	B’s	lessons	tended	to	shift	
over	 the	 lesson	 with	 exploratory	 talk	 or	 working	 on	 understanding	 in	 isiXhosa;	 and	 more	
English	used	in	presentational	talk,	which	was	then	an	oral	rehearsal	for	writing	in	English.		
In	 addition,	 in	 Teacher	 B’s	 lessons,	 there	 was	 evidence	 of	 Teacher	 B	 mediating	 a	 bridging	





also	 that	 learners	might	 well	 still	 have	 been	 left	 with	 a	 partial	 understanding	 of	 the	 science	
content	given	the	brief	and	reactive	nature	of	their	teachers’	use	of	isXhosa	to	communicate	the	
science	content.		
On	 the	 other	 hand,	 Teacher	 B’s	 use	 of	 isiXhosa	 and	 English	 seemed	 likely	 to	 provide	 a	more	
systematic	 and	 purposeful	 ‘translanguaging’	 –	 using	 both	 languages	 in	 ‘an	 integrated	 and	






previous	 section,	 provided	 learners	 with	 improved	 opportunities	 to	 learn	 science	 in	 the	
observed	lessons.		
In	 the	 following	 chapter,	 the	 research	 findings	 presented	 in	 Chapters	 Five,	 Six	 and	 Seven	 are	




















the	 same	kind	of	question	 to	gain	 some	sense	of	what	might	be	 the	 factors	 that	 supported	or	




The	 language	 medium	 of	 the	 TIMSS	 tests,	 where	 it	 was	 different	 from	 the	 learners’	 home	
languages,	was	identified	in	the	TIMSS	South	Africa	reports	(Howie,	2001,	Reddy	et	al.,	2006)	as	




learn.	 As	 discussed	 in	 Chapter	 1,	 the	 language	medium	 or	 language	 of	 learning	 and	 teaching	





the	 language	used	 to	construct	 the	science	content	 (the	how).	The	analysis	of	 the	 language	of	









was	 considered	 in	 any	 depth	 in	 the	 TIMSS	 Video	 Study	 (Roth	 et	 al.,	 2006)	which	 did	 not	 go	
beyond	measuring	the	public	talk	of	teachers	and	learners	by	time	and	by	word	count;	and	the	
amount	of	lesson	time	spent	on	reading	and	writing	activities.		







a.	What	 is	 the	 nature	 of	 the	 science	 content	 knowledge	 that	 was	 developed	 in	 the	 observed	
lessons?	Does	the	science	content	knowledge	support	or	restrict	opportunities	to	learn	science?		
b.	What	is	the	nature	of	the	classroom	discourse	through	which	the	science	content	is	developed	
and	 made	 accessible	 to	 the	 learners?	 Does	 the	 classroom	 discourse	 support	 or	 restrict	
opportunities	to	learn	science?	
c.	What	are	the	bilingual	classroom	practices	of	teachers	and	learners	in	the	observed	lessons?	
Do	 the	 bilingual	 practices	 support	 or	 restrict	 opportunities	 to	 learn	 science	 in	 the	 observed	
lessons?	
The	 factors	 that	 formed	 the	 basis	 for	 the	 analysis	 -	 science	 content	 and	 language	 -	 in	 fact	
interact	 and	 are	 intertwined	 in	 the	 process	 of	 teaching	 and	 learning;	 but	 they	 have	 been	
analytically	teased	apart	from	one	another.		
The	teachers	
Before	 discussing	 the	 findings,	 a	 note	 about	 the	 teachers	who	 participated	 in	 this	 study:	 the	
teachers	who	were	 approached	 and	 agreed	 to	 participate	were	 identified	 by	 subject	 advisors	
and	 colleagues	 on	 the	 basis	 of	 their	 reputations	 as	 ‘excellent’	 teachers.	 It	was	not	 possible	 to	
narrowly	define	the	term	‘excellent’,	but	it	can	at	least	be	said	that	all	the	teachers	in	the	study	
were	respected	as	hard	working,	 committed	science	 teachers	by	 their	 colleagues	and	so	were	
selected	on	the	basis	of	their	good	reputations.	This	was	intended	to	eliminate	from	the	study	
any	teachers	whose	lack	of	commitment	might	result	in	practices	that	obstructed	the	learners’	
opportunity	 to	 learn	 science.	 That	 being	 said,	 it	 became	 apparent	 fairly	 early	 on	 in	 the	
observation	 and	 analysis	 that	 one	 of	 the	 teachers	 (Teacher	 B)	 stood	 out	 from	 the	 others	 in	
terms	 of	 the	 focused	 and	 coherent	 nature	 of	 the	 science	 content	 in	 his	 lessons;	 and	 how	 his	
language	practices	supported	this.	So	the	findings	have	repeatedly	shown	Teacher	B’s	practices	




fortunate	 coincidence	of	 the	 inclusion	of	 this	 particular	 teacher	 in	 the	 sample	has	provided	 a	
useful	 example	 of	what	 kinds	 of	 practices	might	 helpfully	 support	 opportunities	 for	 learning	
science,	particularly	in	the	challenging	conditions	of	township	and	rural	schools,	characterized	





these	 were	 drawn	 from	 the	 TIMSS	 Video	 Study	 (TVS)	 and	 a	 fifth	 one:	 accuracy	 of	 science	
knowledge,	was	 added,	 as	 the	 lesson	observations	 indicated	 that	 this	was	 a	problem	 in	 some	
lessons	and	obviously	would	impact	on	the	opportunity	to	learn	science.	This	was	clearly	not	an	
issue	 that	 was	 considered	 in	 the	 TVS;	 but	 this	 research	 seems	 to	 indicate	 that	 it	 is	 a	 factor	














The	 criteria	 for	 the	 OTL	 science	 content	 can	 be	 grouped	 into	 those	 relating	 directly	 to	 the	
content	 of	 the	 lessons	 and	 those	 relating	 to	 how	 the	 lesson	 content	 was	 mediated	 by	 the	
teachers.	 The	 different	 aspects	 of	 science	 content	 in	 the	 lessons	 were	 coded	 as	 canonical	
knowledge	 (propositional	 knowledge	 about	 ‘science	 facts,	 concepts,	 ideas,	 processes,	 or	
theories’);	procedural	and	experimental	knowledge	(how	to	do	science-related	practices	such	as	
manipulating	 materials,	 and	 performing	 experimental	 processes’);	 and	 real	 life	 issues	 (how	







The	second	group	of	criteria	related	to	how	the	 lesson	content	was	mediated	by	 the	 teachers,	
and	included	the	following:	the	sources	of	the	lesson	content;	the	accuracy	of	the	lesson	content;	
the	density	of	the	lesson	content;	and	the	coherence	of	the	science	content.		
In	 considering	 the	 criteria	 contributing	 to	 the	 OTL	 science	 content,	 it	 seems	 that	 these	
constitute	a	hierarchy	of	necessary	conditions.	The	starting	point	would	seem	obvious:	that	there	
should	 be	 some	 science	 content	 in	 lessons;	 yet	 as	 Roth	 et	 al.	 (2006,	 pp.	 61-62)	 noted,	 it	 is	
possible	for	learners	to	be	busy	in	science	lessons	without	having	the	opportunity	to	learn	much	
canonical	science	knowledge.	So	for	example	in	Teacher	E’s	lessons	there	was	very	little	science	
content	 at	 all,	 as	 in	 all	 five	 lessons,	 learners	 were	 engaged	 in	 group	 discussions	 and	
presentations	on	various	forms	of	pollution,	but	these	were	based	on	the	learners’	own	general	
knowledge	which	was	not	extended	by	any	references	 to	additional	 reading	material	or	 input	




Teacher	 E	 appeared	 to	 have	 abdicated	 his	 role	 as	 teacher	 of	 science	 in	 favour	 of	 that	 of	
facilitator	and	his	input	was	mostly	focused	on	managing	the	procedures	of	groups	reporting.	So	
any	 further	 consideration	 of	 factors	 in	 relation	 to	 the	 OTL	 science	 in	 this	 class	 were	
compromised	by	the	absence	of	this	first	necessary	condition.	In	addition,	in	all	but	Teacher	B’s	
lessons,	 there	 was	 very	 little	 explicit	 procedural	 and	 experimental	 knowledge.	 This	 would	
undermine	the	opportunity	for	learners	in	the	other	classes	to	develop	a	sense	of	the	empirical	
basis	of	science	knowledge	and	empirical	processes.		
Secondly,	 for	 learners	 to	be	provided	with	 the	opportunity	 to	 learn	 science,	 it	 seems	obvious	
that	the	science	content	should	be	factually	correct.	This	is	not	a	factor	that	was	considered	in	
the	 TIMSS	 Video	 Study	 where	 the	 participant	 countries	 were	 developed	 countries	 from	 the	
global	 north.	 However	 this	 is	 clearly	 an	 issue	 in	 developing	 countries	 and	 in	 South	 Africa	 in	
particular	where	the	legacy	of	apartheid	in	terms	of	inferior	training	for	the	majority	of	teachers	








than	 years	 of	 teaching	 experience	 in	 relation	 to	 a	 sound	 subject	 knowledge;	 but	 it	 was	 also	








and	 so	 this	 combined	 with	 weak	 subject	 knowledge	 would	 provide	 a	 shaky	 foundation	 for	
developing	accurate	science	knowledge.	The	structure	of	the	textbooks	themselves	might	have	
contributed	 to	 this	 problem	 as	 the	 science	 content	 knowledge	 in	 the	 textbooks	 used	 by	 the	
teachers	 was	 relatively	 fragmented	 –	 dispersed	 in	 small	 bites	 amongst	 activities,	 with	 little	
coherent	 and	 extended	 exposition	 of	 concepts.	 What	 might	 also	 apply	 is	 Parry’s	 (1996)	




Thirdly,	 the	source	of	 the	science	knowledge	seems	 to	constitute	a	necessary	condition	 to	 the	
extent	that	there	should	be	some	reliable	factual	written	sources,	such	as	a	textbook,	in	addition	
to	 oral	 presentations	 by	 the	 teacher	 –	 partly	 to	 ensure	 that	 learners	 have	 the	 opportunity	 to	
read	 science	 and	 develop	 science	 literacy;	 and	 also	 to	 provide	 an	 accurate	 reference	 source.		
What	 was	 striking	 was	 that	 the	 sources	 of	 science	 knowledge	 in	 the	 observed	 lessons	 were	
mainly	the	teacher	–	or	in	the	case	of	one	class,	the	learners	–	and	little	use	was	made	of	written	
sources,	even	when	they	were	available	in	the	form	of	textbooks.	So	this	lack	of	opportunity	to	




in	 lessons,	 was	 a	 criterion	 adopted	 from	 the	 TIMSS	 video	 study	 analysis	 of	 OTL	 science.	









little	 science	 content	 in	 one	 set	 of	 lessons	 (Class	 E)	 that	 this	 obviously	 did	 not	 meet	 the	




albeit	 entertaining	 digressions	 which	 characterized	 his	 teaching;	 but	 this	 suggested	 that	
learners	might	well	have	lost	the	thread	of	the	science	content	and	‘got	lost	in	the	discourse’.	So	
it	 is	perhaps	the	cases	where	there	were	problems	with	the	density	of	the	science	knowledge,	
that	 illustrate	 or	 mark	 out	 the	 middle	 range	 within	 which	 the	 necessary	 condition	 on	 this	
criterion	might	be	met.		
Fifthly,	 assuming	 that	 the	 above	 necessary	 conditions	 were	 met:	 the	 science	 content	 was	
present	 and	 correct,	 and	 supported	 by	 written	 sources,	 and	 the	 density	 of	 ideas	 and	 lesson	
pacing	 was	 not	 too	 low	 or	 too	 high,	 these	 would	 not	 constitute	 sufficient	 conditions	 for	 the	
opportunity	to	learn	science.	 	A	key	aspect	of	learning	science	with	understanding	is	that	facts	
should	 be	 linked	 to	 generalised	 conceptual	 frameworks;	 and	 that	 conceptual	 frameworks	
themselves	should	be	supported	by	rich	factual	detail	(Donovan	and	Brandsford,	2005,	p.	6).	It	
was	in	this	respect	that	the	practice	of	one	teacher	(Teacher	B)	stood	out	from	the	rest	in	that	
the	 science	 content	 of	 his	 lessons	 was	 systematically	 linked,	 through	 argument,	 to	 key	
generalisations	and	conceptual	frameworks.	This	appeared	to	be	a	key	strength	in	the	practice	





As	 the	 analysis	 of	 the	 data	 showed,	 Teacher	 B’s	 practice	 stood	 out	 from	 the	 practices	 of	 the	
other	 seven	 teachers	 in	 that	 it	 appeared	 to	 offer	 a	 considerably	 greater	 opportunity	 to	 learn	
science	across	the	five	criteria.		As	far	as	the	practices	of	the	other	teachers	were	concerned,	the	
breakdowns	in	OTL	science	occurred	at	different	points:	for	Teacher	E,	this	occurred	at	the	most	
basic	 level	of	providing	some	lesson	content;	with	Teachers	A,	C,	D,	and	F,	 the	accuracy	of	 the	
science	content	 in	 their	 lessons	 fell	below	80%	(58	–	78%);	 in	 the	cases	of	Teachers	G	and	H,	
science	facts	were	not	clearly	linked	to	conceptual	frameworks,	so	learners	at	best	would	have	
been	 left	 with	 a	 collection	 of	 facts,	 rather	 than	 a	 well	 integrated	 conceptual	 framework	 –	




down	 at	 different	 points	 in	 the	 enacted	 curriculum.	 However,	 identifying	 the	 points	 of	
breakdown	in	the	hierarchy	of	necessary	conditions	for	the	opportunity	to	learn	science,	by	the	




The	 analysis	 of	 the	 classroom	 discourse	 has	 drawn	 on	 socio-cultural	 understandings	 of	 how	
learning	in	classrooms	is	enacted	though	the	classroom	discourse	(Barnes,	1976,	1992;	Christie,	
2002;	Mercer,	 1995;	Wells,	 1999).	Along	with	 these	understandings	have	been	 concerns	with	
the	 dominance	 of	 teacher	 talk	 in	 relation	 to	 learner	 talk;	 and	 an	 awareness	 of	 how	 different	





dialogic	 or	 learning	 discourse	 can	 engage	 learners	 in	 meaning	 making	 while	 simultaneously	
linking	ideas	cumulatively	and	building	coherent	conceptual	frameworks	in	a	vertical	knowledge	
structure.	 A	 key	 aspect	 of	 this	 learning	 discourse	 is	 what	 Wells	 (1999)	 has	 referred	 to	 as	
‘contingent	 responsiveness’,	 where	 the	 teacher	 provides	 feedback	 (instead	 of	 simply	
evaluation)	based	on	 learners’	 responses,	and	the	 feedback	 then	provides	 the	springboard	 for	
the	next	round	of	question	and	answers.		In	this	way	the	teacher	builds	on	and	extends	learners’	
understanding	and	incorporates	learners’	contributions	in	constructing	meaning.		




the	 lessons	 was	 structured	 through	 the	 classroom	 discourse	 and	 how	 this	 contributed	 to	
coherent	 conceptual	 frameworks	 –	 or	whether	 the	 ideas	 in	 the	 lesson	 remained	 fragmented.	
This	 entailed	 tracing	 the	 development	 of	 meaning	 through	 the	 discourse	 within	 and	 across	
lessons.	
A	 further	 aspect	 of	 classroom	 discourse	 that	 was	 considered	 in	 the	 analysis	 was	 that	 of	
bridging	 discourses	 -	 described	 by	 Gibbons	 (2006)	 as	 the	 ways	 in	 which	 teachers	 support	
learners	 in	 bridging	 the	 gap	 between	 the	 language	 of	 home	 and	 the	 language	 of	 school	 or	 in	
Bernstein’s	 terms,	 the	 everyday	 horizontal	 discourses	 of	 home	 and	 the	 vertical	 discourses	 of	
schooling.	
The	 classroom	 discourse	 was	 analysed	 firstly	 according	 to	 a	 word	 count	 of	 teacher	 talk	 and	







99%	-	although	 this	did	exclude	 learners’	 talk	 in	groups.	 	These	 figures	are	very	much	 in	 line	
with	research	findings	more	generally	that	the	dominant	discourse	patterns	in	classrooms	(IRE)	
tended	to	limit	learner	talk.		Such	research	(Norman,	1992)	has	been	critical	of	high	volumes	of	
teacher	talk	on	the	basis	 that	 this	would	close	down	learner	talk.	However	a	closer	 look	a	 the	
data	 showed	 that	 there	was	not	necessarily	 an	 inverse	 relationship	between	 teacher	 talk	 and	
learner	talk:	while	in	class	A,	it	seemed	that	it	was	the	case:	the	teacher	spoke	the	most	words	









with	 several	 lengthy	 digressions	 and	 a	 lack	 of	 focus	 –	 as	 was	 evident	 in	 the	 comparative	
example	-	might	well	have	meant	that	learners	in	Teacher	A’s	class	would	have	got	 ‘lost	in	the	
discourse’	 (Breen,	 1998,	 as	 cited	 in	 Walsh	 2006).	 But	 by	 the	 same	 token,	 the	 very	 scant	
discourse	 that	 accompanied	 the	 same	 practical	 activity	 and	 discussion,	 in	 Class	 G	 indicates	 a	
lack	 of	 the	 necessary	 rich	 detail	 considered	 for	 learning	with	 understanding.	 So	 although	 the	
data	points	to	problems	of	too	much	or	too	little	talk	in	relation	to	learners’	engagement	and	the	






The	 data	 showed	 little	 evidence	 of	 the	 kind	 of	 dialogic	 exchanges	 or	 learning	 discourses	
(Alexander,	2006;	Gibbons,	2006)	in	the	lessons	of	seven	out	of	the	eight	teachers:	the	science	











However,	 for	 teachers	 to	 engage	 in	dialogic	 exchanges,	 it	 is	necessary	 that	 they	have	a	 sound	
subject	 knowledge	 that	 includes	 an	 understanding	 of	 the	 nature	 of	 science	 as	 an	 empirically	
based	 vertically	 structured	 body	 of	 knowledge	 that	 seeks	 to	 explain	 the	 observable	world	 in	
terms	of	generalizable	principles	and	conceptual	frameworks.	Such	a	sound	subject	knowledge	
would	also	enable	teachers	to	respond	to	learners’	contributions	in	ways	that	were	flexible	and	
contingently	 responsive;	 but	 without	 the	 security	 and	 flexibility	 afforded	 by	 the	 necessary	
subject	knowledge,	teachers	might	be	less	inclined	to	risk	taking	on	unexpected	and	unscripted	
responses	by	learners.		





purpose.	 In	 line	with	 this,	 the	 analysis	 of	 Teacher	 B’s	 lessons	 showed	 shifts	 in	 the	 discourse	
patterns,	with	 high	 levels	 of	 dialogic	 exchanges	when	 teacher	 and	 learners	were	working	 on	
meaning	and	when	Teacher	B	was	leading	learners	through	an	argument,	linking	observations	




between	 the	 practices	 of	 Teacher	 B	 and	 the	 other	 seven	 teachers:	 there	 was	 some	 evidence	
overall	 of	 teachers	 explicitly	 bridging	 the	 gap	 between	 everyday	 and	 science	 language;	 and	
between	everyday	and	science	knowledge;	but	 it	was	only	 in	Teacher	B’s	class	 that	 there	was	
regular	and	systematic	bridging	of	practical	and	theoretical	knowledge	and	bridging	across	the	
oral	and	written	modes.	The	 lack	of	bridging	 from	practical	 to	 theoretical	knowledge	was	not	
because	of	a	lack	of	practical	activities	overall,	but	because	teachers	tended	not	to	move	beyond	
eliciting	 descriptions	 of	 observations	 rather	 than	 moving	 on	 to	 generalizing	 the	 finding	 and	
using	practical	activities	to	exemplify	broader	concepts.		
The	 data	 showed	 how	 it	 was	 possible	 for	 a	 teacher	 to	 engage	 learners	 in	 cumulatively	
constructing	the	vertical	knowledge	structure	of	science	through	the	classroom	discourse;	and	
at	 the	 same	 time	 to	 support	 learners	 in	 bridging	 the	 everyday	 knowledge	 and	 everyday	




The	 bilingual	 languaging	 practices	 of	 teachers	were	 considered	 through	 a	 separate	 analytical	




and	 also	because	 it	 draws	on	 a	 different	 body	of	 research	 and	 literature	 to	 that	 of	 classroom	
discourse	 analysis.	 The	 tensions	 in	 South	 Africa	 between	 language	 policies	 and	 classroom	
practices	have	been	outlined	in	the	conceptual	framework	and	the	analysis	section;	suffice	it	to	
say	at	this	point	that	the	tensions	remain	and	teachers’	use	of	the	learners’	home	language	when	







and	13%	of	classroom	talk.	As	suggested	 in	 the	analysis,	 this	might	well	have	been	a	result	of	
reactivity,	despite	the	precautions	taken	to	mitigate	such	a	possibility.	But	one	can	assume	that	






The	 patterns	 and	 functions	 of	 language	 alternation	 in	 the	 six	 classrooms	where	 teachers	 did	
make	use	of	isiXhosa	were	different	for	the	group	of	teachers	who	only	used	a	little	isiXhosa	and	
Teacher	B.	 For	Teacher	D,	 the	main	 function	 of	 her	 use	 of	 isiXhosa	 (78%)	was	 for	 classroom	








to	 isiXhosa	 when	 they	 received	 a	 cue	 from	 the	 learners	 that	 there	 was	 a	 breakdown	 in	
understanding.	However	this	raises	the	question	as	to	whether	this	relatively	brief	and	reactive	
codeswitching	would	in	fact	support	learners’	opportunity	to	systematically	build	their	science	
knowledge;	 or	 if	 it	might	 only	 provide	 them	with	 relatively	 patchy	 comprehension	 and	 leave	
them	with	critical	gaps	in	their	science	knowledge.		
Teacher	B	on	 the	other	had	a	very	different	approach	 to	 teaching	 in	 this	bilingual	context.	He	
claimed	 in	 his	 interview	 that	 his	 approach	 was	 to	 first	 build	 understanding	 in	 the	 learners’	
home	 language	 and	 then	 transfer	 that	 understanding	 to	 English.	 This	 was	 evident	 in	 his	
practice:	when	the	focus	was	on	working	on	meaning	–	exploratory	talk	–	Teacher	B	used	more	
isiXhosa	than	English;	and	when	learners	were	required	to	review	ideas	or	in	the	consolidation	
phase	of	a	 lesson	–	presentational	 talk	–	 then	Teacher	B	used	more	English	than	 isiXhosa	and	
required	learners	to	do	the	same.		
This	kind	of	language	alternation	practice	is	more	in	line	with	what	has	recently	been	identified	






science	 knowledge	 in	 the	 observed	 classrooms.	 What	 the	 research	 reveals	 is	 that	 science	
teaching	 in	 such	 bilingual	 contexts	 involves	 a	 complex	 and	 nuanced	 interplay	 of	 subject	
knowledge	 and	 language;	 and	 how	 in	 the	 case	 of	 one	 teacher	 this	 appeared	 successfully	






points	 of	 breakdown	 conversely	 indicate	 possible	 points	 of	 leverage	 in	 the	 curriculum	 and	
issues	 to	 address	 in	 teacher	 training	 in	 the	 quest	 to	 develop	 ‘pedagogies	 to	 break	 cycles	 of	





The	backdrop	and	motivation	 for	 this	 research	 study	was	 the	 large-scale	 international	TIMSS	
studies	and	in	particular,	the	poor	results	in	the	TIMSS	South	Africa	studies,	that	indicated	that	
Grade	8	 learners	 in	 South	Africa	were	not	being	offered	 the	appropriate	opportunity	 to	 learn	
science.	This	small	scale,	multiple	case	study	has	drilled	down	from	large	scale	TIMMS	studies	to	
take	an	in	depth	look	at	the	enacted	curriculum	in	eight	Grade	8	science	classrooms	in	township	
and	rural	schools,	 to	 investigate	the	 factors	contributing	to	or	constraining	the	opportunity	 to	
learn	science.	
The	study	was	 intentionally	set	 in	 township	and	rural	schools	 in	 the	Eastern	Cape	Province,	a	
province	 bedeviled	 by	 the	 historic	 deprivations	 of	 the	 apartheid	 homeland	 system;	 and	 by	
ongoing	 social,	 economic	 and	 political	 challenges	 that	 have	 limited	 educational	 development.	
Rural	and	township	schools	the	Eastern	Cape	Province	serve	amongst	the	poorest	communities	





This	 fine-grained	 study	 of	 classroom	 interactions	 has	 shown	 how	meaning	was	 developed	 in	
science	 classes	 though	 language	 over	 time;	 and	 how	 the	 factors	 identified	 in	 the	 analysis	
combined	to	construct	or	constrain	the	opportunity	to	learn	science.			
These	 factors	 then	 can	 go	 some	 way	 in	 explaining	 the	 poor	 performance	 of	 learners	 in	 the	
TIMSS	South	Africa	assessments;	and	likewise	provide	trigger	points	for	teacher	development,	
particularly	 in	 the	 challenging	 conditions	 of	 township	 and	 rural	 schools	 which	 cater	 for	 the	
majority	of	South	African	learners.	
In	 addition	 the	 research	 is	 significant	 theoretically	 as	 it	 pragmatically	 draws	 together	 theory	
and	 research	 on	 science	 education,	 classroom	 discourse	 and,	 more	 unusually,	 on	 bilingual	




As	 with	 all	 small-scale	 research	 studies,	 the	 major	 limitation	 is	 that	 of	 generalisability:	
‘Interesting	 -	 but	 so	 what?’	 However	 it	 is	 possible	 to	 claim	 ‘face-generalisability’	 (Maxwell,	
1996;	Schofield,	1993)	on	the	basis	of	the	typicality	of	the	schools	and	their	linguistic	contexts	
and	 settings;	 and	 the	 descriptive	 context	 provided	 in	 Chapter	 Four	 provides	 researchers	 and	
teachers	with	some	basis	for	comparison	with	their	own	contexts	and	classrooms.		
The	 research	 analysis	was	 a	 painstakingly	 slow	 process,	 undertaken	 by	 one	 researcher,	 on	 a	
very	part-time	basis.	This	has	 contributed	 to	a	major	 limitation	of	 the	 study,	namely	 the	 long	
time	 lapse	 between	 data	 gathering	 (2004-2005)	 and	 final	 writing	 up	 of	 the	 research	 in	 this	
dissertation,	 although	 several	 journal	 articles	 based	 on	 the	 data	 have	 been	 published	 in	 the	





been	 outlined	 in	 Chapter	 One,	 there	 have	 not	 been	 dramatic	 improvements	 in	 learners’	





could	be	achieved	relatively	easily	and	others	 that	would	need	 longer	 term	 interventions	and	




comfortable	 to	 teach	 in,	with	adequate	secure	storage	 for	science	equipment.	 In	addition	 they	
need	water,	electricity,	toilets.	This	much	is	self-evident.	As	described	in	Chapter	One,	in	all	the	
rural	 schools	 in	 this	study,	 this	basic	 infrastructure	was	at	best	extremely	basic	or	shockingly	
absent.	NGOs	 such	 as	 Equal	 Education	have	doggedly	 pursued	 such	matters	with	 the	Eastern	




the	 science	 curriculum,	 by	 the	 almost	 complete	 lack	 of	 science	 equipment.	 This	 is	 also	 not	 a	
difficult	problem	to	fix:	there	is	a	long	history	of	NGOs	such	as	the	Urban	Foundation	and	school	
development	 units	 attached	 to	 universities,	 developing	 portable	 science	 kits	 intended	 for	





The	 same	 solution	 applies	 to	 the	 evident	 shortages	 of	 textbooks	 in	 the	 schools	 in	 the	 case	
studies.	 It	 was	 notable	 that	 only	 in	 one	 school	 did	 each	 child	 have	 a	 textbook;	 and	 in	 two	
schools,	 only	 the	 teacher	 had	 a	 textbook.	 The	National	Department	 of	 Basic	 Education	 has	 in	











As	noted,	 the	 shortages	of	 textbooks	 in	all	but	one	 class	was	 identified	as	a	 constraint	on	 the	
opportunity	to	 learn	science:	 the	remedy	is	clear.	However	what	also	emerged	from	the	study	
was	 that	 lessons	 were	 largely	 oral,	 and	 teachers	 made	 relatively	 little	 use	 of	 textbooks	 in	
classroom	activities,	even	when	they	were	available.	This	has	clear	negative	implications	for	the	
opportunities	for	learners	to	develop	science	literacy	and	points	to	the	necessity	for	training	for	
teachers	 in	 how	 to	 use	 textbooks	 effectively;	 and	 to	 include	 regular	 reading	 and	 writing	
activities	in	science	lessons.	Learners	need	access	too,	to	interesting	and	exciting	science	texts,	
beyond	 the	 textbooks.	There	are	wonderful	 illustrated	 science	books	 for	 children	and	a	 small	






content	 that	 in	many	cases	 teachers	based	 their	 lessons	on	 the	 textbook	content.	Some	of	 the	








exposition	 on	 a	 topic.	 It	 seems	 that	 what	 teachers	 need	 to	 supplement	 textbooks	 is	 a	 good	




the	 observed	 lessons.	 This	 too	 points	 to	 a	 lack	 of	 understanding	 by	 teachers	 of	 science	 as	 a	




All	 the	 above	 recommendations	 relate	 to	 teachers’	 subject	 knowledge.	 The	 research	 findings	
also	point	to	the	need	to	 include	specific	training	for	science	teachers	 in	the	role	of	classroom	






Lastly,	 teacher	 training	 needs	 to	 address	 the	 question	 of	 how	 best	 to	 utilise	 the	 linguistic	
resources	of	the	classroom	in	the	kinds	of	bilingual	contexts	exemplified	in	this	research	study.	
Teachers	need	to	be	freed	from	the	unrealistic	and	uneducational	expectation	of	sticking	to	one	
language	while	 covertly	 codeswitching	 as	 a	 last	 resort;	 but	 rather	 adopt	 a	more	 flexible	 and	
responsive	 mode	 of	 translanguaging	 in	 the	 classroom,	 that	 it	 based	 on	 teaching	 for	 transfer	






have	 shown,	 South	 African	 learners	 are	 far	 from	 performing	 at	 internationally	 benchmarked	
levels	 and	 the	 education	 system	 as	 a	 whole	 continues	 to	 fail	 the	 poorest	 learners.	 Thus	 the	
question	of	whether	learners	have	the	necessary	‘opportunity	to	learn’	is	one	that	is	central	to	
redress	and	social	justice.	It	is	in	this	light	that	this	research	was	undertaken.	
This	 study	 has	 shown	 that	 the	 opportunity	 to	 learn	 science	 in	 bilingual	 contexts	 such	 as	 the	
township	 and	 rural	 schools	 in	 South	 Africa,	 is	 contingent	 on	 learners	 being	 provided	 with	
correct	 and	 coherent	 science	 knowledge;	 and	 that	 access	 to	 this	 science	 knowledge	 is	
constructed	though	a	nuanced	interplay	of	classroom	discourse	practices	that	engage	 learners	
in	 co-constructing	 the	 science	 knowledge;	 and	 classroom	 translanguaging	 practices	 that	
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The	 role	of	 language	 is	 central	 to	 any	discussion	of	 classroom	 teaching	and	 learning	 in	 South	
Africa	where	the	school	language	policy	for	the	majority	of	students	requires	they	learn	through	
the	medium	of	English	as	an	additional	language	(EAL),	switching	from	mother	tongue	medium	
of	 instruction	 sometime	 before	 grade	 5.	 In	 such	 classrooms,	 there	 is	 frequently	 a	 breakdown	
between	 language	 policy	 and	 practice	 as	 the	 language	 proficiency	 of	 the	 learners	 to	 a	 large	
extent	moulds	the	classroom	practice	of	the	teacher	(Macdonald,	1990:44).	The	language	of	the	















were	 the	 medium	 of	 instruction	 and	 are	 the	 languages	 currently	 used	 for	 matriculation	
examinations).	 In	 particular,	 pupils	 who	 study	 mathematics	 and	 science	 in	 their	 second	





secondary	 level	 to	 teach	 through	 the	 medium	 of	 EAL	 (NEPI,	 1992:4;	 JET,	 1997:26-29).	 Two	









The	 purpose	 of	 the	 research	 is	 to	 develop	 a	 detailed	 understanding	 of	what	 Grade	 8	 science	
teachers	do	in	their	classroom	practice	to	mediate	the	learning	of	science	through	the	medium	






This	 detailed	 understanding	 and	 analysis	 is	 a	 baseline	 study	 intended	 to	 inform	 the	
development	 of	 an	 explicit,	 systematic	 and	 contextually	 appropriate	 approach	 to	 teaching	
science	 through	 the	 medium	 of	 EAL,	 that	 provides	 teachers	 with	 a	 theoretical	 and	 practical	
framework	 for	 language	 use	 in	 the	 classroom	 aiming	 to	maximise	 learners’	 opportunities	 for	
both	conceptual	understanding	and	language	learning.		
It	 is	proposed	to	focus	on	the	teaching	and	learning	of	Grade	8	science,	as	the	TIMMS-R	study	
(Howie,	 2001)	 has	 highlighted	 language	 problems	 and	 also	 provides	 a	 national	 base-line	
indicator	of	Grade	8	learners’	performance	in	science	content	and	language.	It	is	also	proposed	
to	 work	 with	 teachers	 and	 learners	 who	 share	 Xhosa	 as	 their	 home	 language	 as	 this	 is	 the	











The	 following	 question	 will	 guide	 the	 research:	 What	 language	 teaching	 strategies	 are	
appropriate	and	effective	in	an	approach	to	teaching	science	through	the	medium	of	English	as	










and	 township	 schools	 in	 the	 Eastern	 Cape,	 allowing	 some	measure	 of	 generalizability	 of	 the	
research	 findings.	 According	 to	 EMIS	 data	 for	 2001,	 almost	 70%	 of	 Grade	 8	 learners	 in	 the	
Eastern	Cape	are	in	rural	schools	and	86%	of	learners	and	78%	of	teachers	are	home	language	



















Recommendations	 for	 teacher	 training,	based	on	 the	 research,	will	be	widely	disseminated	 to	
interested	 parties,	 including	 the	 teachers	 participating	 in	 the	 research	 and	 the	 Eastern	 Cape	
Education	Department.	
Research	impact:	
The	 research	 will	 provide	 a	 much	 needed	 empirical	 basis	 for	 the	 development	 of	 teacher	





The	 use	 of	 videotapes	 raises	 ethical	 issues	 in	 terms	 of	 ownership	 of	 data	 and	 anonymity	 of	















































In	 order	 to	 map	 the	 lesson	 structure	 and	 to	 provide	 a	 framework	 for	 the	 analysis	 of	 the	








1.	 Science	 content:	 What	 was	 the	 nature	 of	 the	 science	 content	 knowledge	 that	 was	
developed	in	the	observed	lessons?	













(include	observations	made	during	practical	work);	 ‘an	 idea	 is	canonical	 in	 the	
sense	that	it	is	generally	shared	by	members	of	the	scientific	community’	(Roth	
et	al.,	2006	p.	62)	
• SKRL:	 real	 life	 issues:	 ‘how	 science	 knowledge	 is	 used,	 applied	 or	 related	 to	
societal	issues	or	to	learners’	personal	lives’	[include	analogies]	
• SKPE:	 procedural	 and	 experimental	 knowledge:	 ‘how	 to	 do	 science-related	























• DREV	 Number	 of	 publicly	 presented	 canonical	 ideas	 –	 review	 of	 previously	
presented	content;	include	ideas	from	lessons	in	data	set	or	ideas	marked	by	teacher	
as	previously	presented	e.g.	‘remember	…’		(count/time)	







TIMSS	 report	 (Roth	 et	 al.,	 2006	 p.	 57)	 refers	 to	 the	 need	 for	 ‘providing	 students	 with	 the	
opportunity	 to	develop	connected,	evidence-based	scientific	understandings	 that	students	can	
apply	 to	 make	 sense	 of	 a	 variety	 of	 phenomena’	 as	 a	 key	 idea	 coming	 from	 international	







1.5.1.1.	 Conceptual	 links	 across	 lessons:	 (this	 is	 an	 addition	 to	 the	 TIMSS	 analysis	 –	 possible	
because	the	data	sets	extend	beyond	one	lesson)	
• LCA2:	 strong	 inter-lesson	 conceptual	 links:	 topic	 links	 and	 teacher	 makes	 links	
explicit		




• LCW-2:	 strong	 intra-lesson	 conceptual	 links	 within	 lessons	 to	 generalising	 principles	
and	 theories	 –	 ‘The	 lesson	 is	 focused	 on	 content	 with	 conceptual	 links	 that	 strongly	
connect	and	integrate	the	information	and	activities.	The	information	presented	consists	
primarily	 of	 interlocking	 ideas,	 with	 one	 idea	 building	 on	 another	 with	 strong	
conceptual	links	[this	links	with	dialogic	discourse,	the	idea	of	cumulation	of	ideas	and	
‘contingent	 responsiveness’	 by	 the	 teacher	 to	 learners’	 contributions].	 The	 lesson	
contains	 a	 strong	 conceptual	 thread	 that	 weaves	 the	 entire	 lesson	 into	 a	 conceptual	
whole	 (TIMSS,	 2006	 p.	 68);	 in	 addition,	 concepts	 are	 supported	 by	 rich	 factual	 detail	
(Donovan	and	Bransford,	2005,	6).	







































2.1.	 Classroom	 discourse:	Did	 the	 classroom	discourse	appear	 to	 construct	or	 constrain	 the	
learners’	opportunities	to	learn	science?	







classroom	 talk	 represent	 a	 cline	 along	 an	 ‘authoritative-dialogic’	 continuum	 (Mortimer	 and	
Scott,	2003).		
2.1.2.1.	 Teacher	 monologue/learner	 listening	 quietly	 or	 murmuring	 attention	 response;	 e.g.	
explaining,	demonstrating	(authoritative),	instructing,	discipline.			
2.1.2.1.1.	Teacher	monologue:	instructions	(regulative)	–	differentiate	between	instructions	for	







and	 raised	 tone;	 the	 function	 would	 generally	 be	 teacher	 exposition,	 with	 participation	 by	
learners.	Include	learners	reading	off	words	as	instructed	by	teacher.		




2.1.2.4.	 Dialogic	 exchanges	 (Initiation-response-feedback-response-feedback):	 teacher-led	
question	and	answer	with	the	teacher	providing	feedback	that	prompts	a	further	exchange.	This	
provides	the	opportunity	for	the	development	of	chains	of	meaning;	start	with	the	initiation	of	
an	 idea	 and	 follow	 it	 through	 to	 completion;	 differs	 from	 the	 IRE	 exchanges	 in	 terms	 of		
‘cumulation’	 and	 the	 ‘contingent	 responsiveness’	 of	 the	 teacher’s	 response	 i.e.	 the	 teacher	
responds	 to	 and	 builds	 on	 the	 learner’s	 response	 and	 in	 so	 doing	 co-opts	 learners	 into	 the	
construction	 of	 conceptual	 frameworks,	 by	 modelling	 the	 	 linking	 of	 facts	 and	 observation	
through	 argument	 (Alexander,	 2000	 &	 2006;	 Gibbons,	 2006;	 Wells,	 1999);	 this	 will	 usually	
follow	a	pattern	of	description	=>	explanation	=>	generalisation	(Mortimer	and	Scott,	2003	pp.	
26-27).	 	 Alexander	 refers	 to	 this	 as	 ‘scaffolded	 dialogue’	 (2000,	 pp.	 526-527);	 Gibbons	 as	













2.1.2.6.	 Learners	 asking	 questions:	 learners	 ask	 questions	 to	 class	 or	 group	 and	 teacher	
manages	process.		Structure	is	that	of	IRE;	occasional	extended	exchanges.	
2.1.3.	 Bridging	 discourses	 (horizontal	 connections)–	 identify	 and	 quantify	 instances	 per	
lesson:	 the	 teacher	 creates	 links	 between	 horizontal	 and	 vertical	 discourses	 (Bernstein	 in	
Gibbons,	2006)	and	provides	access	 to	 the	vertical	discourses	of	 schooling:	 if	 ‘bridging’	 is	not	
achieved,	do	not	count	example.		
2.1.3.1. Everyday	 knowledge	 to	 science	 knowledge	 [include	 analogies]	 or	 science	
knowledge	applied	to	everyday	knowledge		
2.1.3.2. Everyday	language	to	science	language	–	science	terms	or	concepts;		




writing	 by	 teacher	 if	 this	 is	 part	 of	 the	 bridge	 for	 learners	 but	 not	 notes	 on	
chalkboard	 for	 learners	 to	 copy	 or	words	 jotted	 down	 if	 not	 linked	 to	writing	
activity;	may	include	written	exercise;	include	oral	rehearsal	for	writing	
2.3.	Bilingual	classroom	practices:		

























Learners	 read	 off	 information	
from	 photocopied	 page	 (one	
page	per	group	of	6)	
Relationships	 between	 air,	 sunlight,	 water,	 soil,	
plants,	animals	&	humans.		
	





5.		 Group	discussion	 Learners	compare	 their	 food	chains	 to	 those	 from	
photocopied	page	from	textbook	












• Copper	 pieces	 and	 beans	 were	 separated	 by	
hand	












takes	 magnet	 to	 each	 group	 to	 show	 how	 it	
affects	 mixture;	 asks	 learners	 what	 ‘baby	
hairs’	 are;	 	 learners	 unable	 to	 identify	 iron	
filings	




• Teacher	 elicits	 that	 it	 was	 iron	 filings	 that	
stuck	to	the	magnet		
6.		 Practical	demonstration	3	 • Separating	solution	salt	and	water	
• Teacher	 elicits	 that	 salt	 cannot	 be	 seen;	 has	
dissolved	in	water	
• Explains	 term	 ‘solution’	 –	 analogies	 re	 soup	
and	medicine	




8.		 Teacher	explanation	 Separate	 salt	 and	 water	 through	 boiling	 	 (no	
demonstration)	
9.		 Practical	demonstration	4	 • Sugar	and	water	solution	
• Teacher	 mixes	 sugar	 and	 water	 –	 elicits	 that	
sugar	cannot	be	seen	
• Learners	taste	sugar	solution	
10.		 Reporting	back	 • Liquid	tastes	sweet	
• Teaches	terms	‘solute’	and	‘solvent’	
(no	 separation	 of	 sugar	 and	 water	 done	 or	
discussed)	
11.	 Practical	demonstration	5	 Teacher	mixes	methylated	spirits	and	water	
12.		 Teacher	explanation	 Explains	 that	 water	 and	 methylated	 spirits	 have	
different	 boiling	 points	 and	 so	 when	 heated,	





13.		 Practical	demonstration	6	 • Teacher	 mixes	 flour	 and	 water	 and	 instant	
coffee	and	water	
• Elicits	 that	 the	 bottom	 part	 of	 the	 flour	 and	
water	 mixture	 is	 whiter	 than	 the	 top	 half	 –	
tells	class	this	is	residue	(incorrect)	
• Teacher	filters	flour	and	water		
14.		 Teacher	explanation	 • Explains	 terms	 ‘filtrate’	 and	 ‘residue’;	 some	














1.		 Teacher	 exposition	 (following	
textbook	content)	
• Meaning	 of	 inhabitants	 and	 mutual	
relationship	
• Role	of	 bacteria	 and	maggots	 in	decomposing	
dead	animals	






















3.		 Teacher	 demonstration	 and	
explanation	
Teacher	 pushes	 duster	 across	 desk	 and	 gets	
learner	 to	 push	 it	 sideways	 –	 effect	 of	 force:	
changes	direction	
4.		 Teacher	 demonstration	 and	
explanation	
Teacher	 gets	 learner	 to	 break	 a	 piece	 of	 chalk	 –	
force	changes	shape	of	chalk	
5.		 Group	practical	activity	 Hands	 out	 prestick	 to	 each	 group:	 learners	 must	
make	 3	 different	 shapes	 –	 change	 shape	 –	
deforming	prestick	by	means	of	force	
Force	produces	motion	–	work	has	been	done	
6.		 Teacher	 demonstration	 and	
explanation	
• Gets	 group	 of	 learners	 to	 push	 against	 a	wall	
and	joins	them	
• Shows	 that	 have	 not	 done	 any	 work	 because	
wall	has	not	moved	
• Tells	story	about	boy	who	lifted	up	cart	while	
father	 changed	 wheel	 –	 had	 not	 done	 work	
because	cart	had	not	moved		
7.		 Teacher	 demonstration	 and	
explanation	
Teacher	 pushes	 pencil	 box	 across	 desk	 to	
demonstrate	 ‘displacement’	 –	 ‘the	 change	 of	
position	through	a	distance’	
8.		 Group	practical	activity	 • Teacher	 explains	 re	 spring	 balance	 and	
‘newtons’	
• Learners	 come	 up	 in	 groups	 to	 read	 off	
measurement	of	mass	of	pencil	case	on	spring	
balance	
• Groups	 report	 back	 (some	 1,3N	 and	 some	
1,4N)and	teacher	declares	1,4	N	correct	
9.		 Group	practical	activity	 • Measuring	 accurately:	 teacher	 rules	 line	 in	
book	and	 takes	 round	ruler	 to	each	group	 for	
them	to	measure	line	and	write	down	answer	
• Feedback:	groups	report	9mm,	10mm,	2	mm	
• Teacher	 declares	 10	 mm	 correct;	 asks	 class	
how	 many	 	 centimetres	 are	 equal	 to	 10	
millimetres	–	unable	to	answer	
• Teacher	covers	up	part	of	ruler	to	show	10mm	
on	 one	 side	 and	 1	 cm	 on	 the	 opposite	 side	 –	
repeats	 question;	 learners	 still	 unable	 to	
answer	so	teacher	tells	them.		




line	 up	 their	 eye	 when	 measuring	 to	 avoid	
error	 of	 parallax	 and	 take	 account	 of	 the	
meniscus	(when	water	is	boiling	–	incorrect)	–	
terms	not	explained	
10.		 Teacher	 demonstration	 and	
explanation	
• Teacher	drops	duster	to	demonstrate	gravity		
• Pulls	 against	 learner	 to	 show	 that	 when	
objects	do	not	move,	forces	are	balanced	
11.		 Teacher	explanation	 Provides	 formula	 (force	 x	 distance)	 and	 does	 one	
example	
12.	 Teacher	 explanation	




• athletes	 use	 starting	 blocks	 –	 frictional	
force	(races	learner	across	classroom)	
• yachts	move	because	of	wind	blowing	
• parachute	 –	 frictional	 force	 –	 like	 an	
umbrella	
• walking	 sideways	 in	 wind	 to	 reduce	
surface	area	
• force	 comes	 from	 food	 which	 gives	 you	
energy	
• car	tyres	get	hot	because	of	friction	






1.		 Teacher	demonstration	 • reviews	how	to	calculate	work	
• writes	 up	 problem	 on	 chalkboard	 and	 elicits	
answers	from	class		
2.		 Teacher	explanation	 • power	equals	rate	of	work	i.e.	amount	of	work	
done	over	a	period	of	time	–	provides	formula	
‘power	=	work	÷	time’	









3.	 Teacher	demonstration	 • Solving	example	with	whole	class:		
o Writes	up	problem	on	chalkboard	
o Elicits	answers	from	learners		










8.		 Group	feedback	 Teacher	elicits	 answers	and	writes	on	 chalkboard	
–	ticks	correct	answer	–	no	explanation	









































groups	 –	 asks	 probing	
questions	
Properties	of	mixture	of	sulphur	powder	and	iron	filings	

























Why	 is	 it	 necessary	 to	 cover	 magnet	 with	 paper	 when	
testing	iron	filings?	
So	that	iron	filings	can	be	easily	removed	


















3.		 Teacher	 explanation	 –	
elicits	answers	
Meaning	of	‘properties’	
• Elicits	 meaning	 	 of	 ‘properties’	 in	 relation	 to	
properties	of	sulphur	and	iron	filings	
• Learners	look	up	meaning	in	textbook	glossary	
































completely	 different	 to	 the	 properties	 of	 the	
compound	that	is	formed	
• Two	elements	have	reacted	to	form	a	compound	
• The	 definition	 of	 a	 compound:	 a	 substance	 that	 is	















• Elicits	 that	 used	 property	 of	magnetism	 to	 separate	
iron	filings	and	sulphur	
• Emphasizes:	 to	separate	mixtures,	 look	at	difference	
in	properties	
2.		 Group	 practical	 activity	






• One	 learner	 from	 each	 group	 folds	 filter	 paper	
and	 inserts	 in	 funnel;	 one	 learner	 demonstrates	
and	explains	to	class	
• Groups	 each	 filtered	 water	 and	 write	 up	











• the	 mixtures	 were	 not	 the	 same	 –	 some	 was	
thicker	than	others	




5.		 Teacher	 explanation	 –	
elicits		answers		














9.		 Class	discussion		 Learner	 offer	 apparently	 nonsensical	 example	 –	 adding	
sand	 to	 muddy	 water	 to	 clean	 it;	 with	 help	 of	 other	
learner	 it	 transpires	 that	 learner	 means	 add	 cement	 to	
muddy	 water	 so	 that	 sand	 particles	 sink	 to	 bottom.	


















• Teacher	 mixes	 salt	 and	 water;	 salt	 dissolves	 in	
water	 to	 form	 salt	 solution;	 learner	 tastes	
solution	to	show	salt	has	not	‘disappeared’	
• Teacher	 elicits	 that	 can	 get	 salt	 back	by	heating	












• Teacher	heats	 solution	 in	 evaporating	dish	 over	
spirit	lamp	



























1.		 Teacher	 question	 and	
answer	
Review:		
separation	method	 based	 on	 difference	 in	 properties	 of	
components	


































1.		 Teacher	 question	 &	
answer	






2.		 Teacher	 exposition	 –	











Example	 of	 phase	 change:	 jelly	 powder	 and	 hot	 waster	
are	mixed	and	cooled	to	make	solid	jelly	
Goes	through	this	with	learners		






















1.		 Teacher	 exposition	 –	



























• Paraffin	 &	 water	 –	 2	 phases	 (not	 corrected)	 –	 does	
not	dissolve		





























2.		 Teacher	exposition	 Reads	 and	 explains	 case	 study	 of	 ‘Ekulandeni	 village’	
from	textbook’	–	3	different	water	schemes	proposed	
3.		 Groups	discussion	 Discuss	 points	 for	 and	 against	 each	 scheme	 –	 decide	
which	is	best	for	village	
4.	 Groups	 report	 on	
comparison	on	schemes	
–	teacher	prompts		
Learners	 do	 not	 answer	 questions	 –	 read	 out	
inappropriate	chunks	of	text	
5.		 Group	discussion	 Choose	best	scheme	for	village	




















4.	 Groups	 report	 back	 	 -	
teacher	 prompts	 and	
fills	 in	 table	 on	
chalkboard	
‘Tests’	 as	 per	 chart	 do	 not	 all	 work	 with	 materials	


























• Medical	 e.g.	 artificial	 hip	 bone	 –	 titanium	 and	
plastic	–	because	of	properties	






















for	 glass,	 one	 for	metals	 and	 one	 for	 paper.	When	 each	
bin	 is	 full,	 you	 can	 sell	 the	 material	 at	 your	 nearest	
recycling	depot.	On	your	visit	find	out	how	the	material	is	
recycled	and	write	a	full	report	about	your	visit.	












1.	 Teacher	 exposition	 –	
question	 and	 answer	 –	







Plants	 are	 the	 first	 link	 in	 the	 food	 chain	 –	 they	 are	
producers	
Animals	 that	 only	 eat	 plants	 are	 called	 herbivores	 –	
primary	consumers	
2.		 Group	 activity	 –	 hands	
out	one	sheet	per	group	




Learners	 link	 animals	 and	 plants	 in	 food	 chains	 with	
arrows	
Teacher	 does	 one	 example	 –	 grass	 goes	 to	 impala	 and	
impala	goes	to	lion	
3.		 Groups	 report	 back	 –	
teacher	elicits			
Teacher	sticks	up	words	on	card	on	chalkboard	to	match	
diagram	 in	 textbook	–	makes	 linking	 arrows	as	 learners	
report	on	food	chains	
When	 food	 chains	 are	 linked	 together	 they	 form	a	 	 food	
web.	
4.		 Teacher	 writes	 notes	
on	 chalkboard	 and	
learners	 copy	 them	 in	
notebooks	
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FOOD	CHAINS	








• Herbivores	 are	 animals	 that	 live	 on	 green	 plants	
only.	
• All	 the	 animals	 are	 consumers	 since	 they	 cannot	
manufacture	their	own	food.	















1.	 Teacher	 question	 &	
answer	
Review	of	previous	lesson:	







2.		 Teacher	 writes	 notes	
on	 chalkboard	 and	













• Animals	 cannot	 make	 their	 own	 food	 and	
therefore	 they	 need	 to	 eat	 plants	 or	 other	
animals.	
• The	word	consume	means	to	use	or	to	eat.	
• Animals	 which	 eat	 only	 plants	 are	 called	
herbivores.	
• Herbivores	 are	 also	 called	 primary	
consumers.	They	eat	producers.	
• Animals	 which	 eat	 only	 meat	 are	 called	
carnivores.	
• Carnivores	 are	 called	 secondary	 consumers	
because	they	eat	primary	consumers.		




learners	 to	 read	 notes	
and	 one	 scribe	 per	
group	 to	 copy	 table	
from	chalkboard.		
	
4.		 Group	activity	 Learners	 discuss	 and	 fill	 in	 information	 in	 table	 about	
producers	and	consumers	using	information	in	notes.	


















using	 chart	 –	 copy	 of	
picture	 from	 textbook	
of	 pumpkin	 plant	 –	 to	
illustrate	
photosynthesis		








3.		 Teacher	 exposition	 –	
writes	up	key	points	on	
chalkboard;		




Chlorophyll	 +	 CO2	+	H2O	+	 energy	 from	 the	 sun	 =	 food	
and	O2	
	





a.	 In	what	way	do	plants	produce	 their	own	 food	 (show	
by	means	of	a	table)	
b.	 Show	 by	 means	 of	 an	 equation	 how	 photosynthesis	
processes	take	place.	
c.	Define	photosynthesis.	






















• Photosynthesis	 is	 the	 method	 used	 by	 the	 green	
plants	to	produce	their	own	food	with	the	help	of	the	







• Respiration	 is	 the	process	whereby	 living	 things	 get	
energy	from	food.	











Episode	 Organisation	 Content 











2.	 Teacher	 exposition	 –	












[note:	 bacteria	 and	 fungi	 are	 not	 plants	 –	 although	 the	
textbook	refers	to	fungi	as	plants	(p.	26	SfA).	Fungi	are	a	
separate	kingdom	]	
3.	 Learners	 copy	 notes	
from	chalkboard	
	
4.	 Teacher	 rubs	 off	 notes	
and	 writes	 up	 task	 –	
learners	 complete	
individually	
1. What is the name of the green pigment that helps 














for	 groups	 to	 present	
posters:	 	 2	 minutes	 to	
present;	 1	 minute	 for	
‘audience	 to	 ask	
question	 from	 group;	 1	
minute	 for	 presenters	
to	 ask	 questions	 to	
audience	
	















































7.		 Teacher	 calls	 for	












































16.	 Teacher	 calls	 for	


















19.		 Teacher	 calls	 for	
questions	from	class	
Learner	 queries	 that	 poster	 was	 produced	 by	 group	 –	
teacher	rules	it	irrelevant	



















































































7.	 Teacher	 elicits	 causes	
of	 air	 pollution	 from	
















10.		 Reporting	 from	 whole	




























- stop	 cooking	 on	 fire,	 buy	 electric	 stove	
[electricity	 power	 stations	 burn	 coal	 =>	 air	
pollution] 
- service	cars 
- stop	dumping	old	food  
2.	 Teacher	exposition	 Recycling	 contributes	 to	 the	 ‘People’s	 contract’	 (ANC	
election	slogan)	
3.		 Teacher	 exposition	 –	
elicits	some	points		
Land	pollution	is	the	contamination	of	land	
Causes:	 papers,	 plastics,	 old	 food,	 empty	 tins/cans,	
glasses	
Pollutant	is	anything	that	pollutes	the	environment	
4.	 Learners	 discuss	 in	
pairs	
examples	of	pollutants		








7.		 Group	 1	 reports	 –	








































6.	 Group	 9	 reports;	 class	
claps	











9.		 Teacher	exposition	 When	 we	 come	 form	 the	 toilet	 must	 wash	 hands	 –	
prevent	diseases	like	cholera.	
10.		 Teacher	 instructs	













12.	 Teacher	exposition	 Recycle	 bottles	 –	 sell	 for	 profit	 to	 fight	 poverty	 and	
unemployment	











15.	 Group	 4	 reports;	 class	
claps	
(repetition)	
16.	 Group	 5	 reports;	 class	
claps	
(repetition)	
17.	 Group	 6	 reports;	 class	
claps	
(repetition)	






































learners	 vote;	 and	 then	
clap	
	




Fire	 is	 dangerous	 –	 people	 must	 not	 make	 fire	 for	 no	
reason.	
6.		 Teacher	 calls	 on	 class	






8.	 Teacher	 calls	 on	 group	






















12.	 Teacher	 calls	 for	
















(learners	 break	 down	 in	 giggles	 when	 nominated	 to	
answer)	










17.		 Teacher	 calls	 for	





































































1.	 Teacher	exposition	 • Static	electricity	different	to	electricity	have	in	homes	
–	static	electricity	does	not	move	through	wires	
• All	 objects	 are	 neutral	 –	 have	 same	 number	 of	
positively	charged	particles	(protons)	and	negatively	
charged	particles	(electrons)	








4.		 Teacher	 writes	 up	
homework	
Compare static electricity with the electricity that 
we use/have at our homes. 
5.		 Learners	 ask	 some	
questions	
L:	(indistinct)	










1.		 Teacher	exposition	 • Batteries	 are	 connected	 with	 positive	 pole	 of	 one	
connected	 to	 the	negative	pole	of	 the	next	battery	–	
unlike	 poles	 attract	 each	 other	 and	 like	 poles	 repel	
each	 other	 –	 therefore	 electricity	 will	 not	 flow	 if	
connect	batteries	connected	positive	pole	to	positive	
pole	 or	 negative	 pole	 to	 negative	 pole	 (incorrect	 –	
confuses	magnetism	nd	electricity)	








• Draws	 in	a	 (metal)	 spoon	 in	 the	circuit	–	elicits	 that	












b)	 Why	 do	 we	 connect	 the	 battery	 from	 negative	 to	
positive	



















1.		 Teacher	 question	 &	
answer	
Examples	 of	 uses	 of	 electricity	 in	 home:	 iron;	 kettle;	
heater;	stove;	television;	radio;	lights	 








Resistor	 in	 heating	 appliance	 converts	 electrical	 energy	
to	heat	energy	
(incorrect:	non-heating	appliances	have	no	resistors)	







1.		 Teacher	 exposition	 –	
some	elicitation	
• Review:	 Heating	 appliances	 have	 resistors	 made	 of	
nichrome	
• Draws	circuit	board	on	chalkboard	and	reviews	how	
electrical	 current	 moves	 through	 circuit	 (does	 not	
recognize	bulb	as	resistor;	a	circuit	without	insulator	
or	resistor	is	a	short	circuit	-	incorrect)	
• Elicits	 that	when	add	battery	 to	circuit	 the	bulb	will	
glow	brighter	because	the	current	will	increase	
• A	 fuse	 is	 added	 to	a	 circuit	 to	 reduce	 the	 current	 so	





























Properties	 of	 iron	 filings	 and	 sulphur	 powder	 –	 colour	
and	magnetism	
4.		 Group	 practical	 activity	
2	





6.		 Group	 practical	 activity	
2	(continued)	






Tests	 for	 other	 gases:	 oxygen	 -	 	 a	 glowing	 ember	 will	




(defers	 explanation	 of	 reaction	 between	 hydrochloric	
acid	and	iron	filings)		






11.	 Group	 practical	 activity	
3	(continued)	








13.		 Group	 practical	 activity	
4	






16.	 Group	 practical	 activity	
5	





18.	 Teacher	explanation	 Gas	 is	 hydrogen	 sulphide	 	 (defers	 explanation	 re	 rest	 of	
reaction)	
19.	 Teacher	explanation	–	 Sums	up	experiments	and	products	
• Iron	 filings	 +	 hydrochloric	 acid	 ->	 iron	 chloride	 +	
hydrogen	
• Mixture	 of	 sulphur	 powder	 and	 iron	 filings	 –	
hydrochloric	 acid	 only	 reacted	with	 iron	 filings,	 not	
sulphur	to	form	iron	chloride	































Sulphur	 is	 still	 an	 element	 and	 iron	 filings	 are	 still	 an	
element	
4.		 Teacher	exposition	 • A	mixture	is	formed	when	two	substances	mix	but	do	
not	mix	chemically	–	there	is	no	chemical	reaction	
• When	 we	 heated	 iron	 filings	 and	 sulphur	 we	 got	 a	
new	 substance	 called	 iron	 sulphide,	 with	 different	
properties	



























































22.		 Teacher	 instructions	 re	
homework	task	
Find	out	about	method	of	 separation	at	Machubeni	Dam	






1.		 Teacher	explanation	 Mutual	 dependency	 means	 that	 plants	 gain	 something	
























































7.		 Teacher	exposition	 • Animal	dung	is	rich	in	nitrogen	–	makes	soil	fertile	
• Birds	and	bees	help	pollinate	flowers	
• Animals	 eat	 other	 animals	 –	 get	 a	 food	 chain	 and	 a	
food	web	

















class	 gathers	 round	 to	
observe	















































• Animals	 breathe	 in	 oxygen	 and	 breathe	 out	 carbon	
dioxide	and	other	gases	
• Plants	take	up	carbon	dioxide	during	photosynthesis	
2.	 Teacher	exposition	 • Animals	 and	 plants	 balance	 the	 gases	 in	 the	
atmosphere	




• Exhaust	 fumes	 produce	 carbon	 monoxide	 and	
nitrogen	dioxide	






























































































































































Complete	 the	 following	 sentences	 by	 filling	 in	 the	
missing	words	
a)	A	fruit	is	a	ripened	…..	 	 (1)	


































































Practical	 activity	 1:	 learners	 separate	 beans	 and	 copper	 pieces	manually	 –	 not	
linked	to	generalising	principle	(coded	PA1)	
Practical	 activity	 2:	 teacher	 demonstrates	 to	 each	 group	 how	 to	 separate	 iron	








–	 explains	 separation	 through	boiling	 –	 different	 boiling	 points	 –	 not	 linked	 ot	
generalizing	principle	(coded	PA1)	
Practical	activity	6:	 teacher	demonstrates	water	and	flour	mixture	–	separation	
with	 filter	 paper-	 some	 incorrect	 information	 -	 not	 linked	 to	 generalizing	
principle	(coded	PA1)	
Lesson	A4	 Topic:	Force	
Practical	 activity	 1:	 teacher	 demonstrates	 ‘force’	 by	 pushing	 a	 learner	 and	 a	
pencil	box	–	links	to	generalizing	principle	not	clear	(coded	PA1)	




that	 force	 changes	 shape	of	 objects	 -	 –	 links	 to	 generalizing	principle	not	 clear	
(coded	PA1)	





Practical	 activity	 6:	 teacher	 pushed	 pencil	 box	 across	 desk	 to	 demonstrate	
‘displacement’	-	–	links	to	generalizing	principle	not	clear	(coded	PA-1)	
















Practical	activity	1:	 learners	 identify	and	 tabulate	properties	of	 iron	 filings	and	
sulphur	powder	–	links	to	generalising	principle	made	explicit	(coded	PA-2)	




Practical	 activity	 1:	 teacher	 demonstrates	 heating	 sulphur	 and	 iron	 filings	 to	



















Practical	 activity	 2:	 learners	 mix	 liquids	 (vinegar,	 paraffin,	 milk)	 with	 liquids	
(water)	–	some	incorrect	information	in	explanation	(coded	PA-1)	
Lesson	C4	 Topic:	materials	–	types	
Practical	 activity	 1:	 learner	 classify	 different	 types	 materials	 according	 to	




Practical	 activity	 1:	 learners	 rubbed	 plastic	 rulers	 on	 their	 hair	 and	 attracted	








Practical	 activity	 3:	 learners	 mix	 sulphur	 powder	 and	 iron	 filings;	 add	 dilute	






activity	 4	 –	 iron	 sulphide	 –	 bad	 smelling	 gas	 –	 hydrogen	 sulphide	 -	 links	 to	
generalizing	principle	not	clear	(coded	PA-1)	
Lesson	G2	 Topic:	separating	mixtures	










Practical	 activity	 1:	 teacher	 demonstrates	 electrolysis	 of	 copper	 2	 chloride	 =>	
copper	and	chlorine	–	uses	carbon	rods	attached	to	a	battery	and	suspended	in	
solution	 of	 copper	 2	 chloride	 -	 links	 to	 generalizing	 principle	 not	 clear	 (coded	
PA-1)	
Practical	activity	2:	teacher	demonstration	–	connects	key	to	negative	electrode	


























please.	Can	you	see	 it…can	you	see	 it?	Okay	how	 is	 it’s	colour?	How	 is	 the	colour?	How	 is	 the	











T:	 Sulphur.	Then	now	 I	 am	going	 to	give	you	 this,	 on	 that	piece	of	paper,	 and	 there…take	my	
beans	back.	Take	my	beans	back	(referring	to	previous	activity	separating	beans	and	pieces	of	
copper).	 I	want	you	 to	make	a	mixture…I	want	you	 to	make	a	mixture	of	 the	sulphur	and	 the	














the	 mixture	 with	 the	 copper…I’m	 sorry,	 with	 the	 sulphur	 not	 copper…with	 the	 sulphur,	 ne	










be	 able	 to	 see	 that	 this	 is	 an	 iron	 filing	 okanye	 [or	 else]	 these	 are	 iron	 filings	 in	 the	 same	












T:	 When	 they	 do	 this	 (demonstrates	 mixing	 motion)	 they	 pour	 in	 the	 that	 Xhosa	 beer	 with	











T:	 No.	What	 can	 you	 do?	 Can	 you	 use	 your	 hand?	 And	 say	 I	 am	 taking	 away	 now	 the	what?	























is	 a	 metal	 like	 this	 nail	 clipper?	 What	 will	 happen?	 Can	 you	 guess?	 What	 happened?	 What	

























it	 underneath	 the	 paper…underneath	 the	 paper…put	 it	 under	 the	 paper…under	 the	 paper…Is	
there	 anything	 that	 is	 happening?	 (learners	 in	 group	 look)	 No	 look	 carefully.	 Look,	 look	
carefully.	 (indistinct	 to	 learners	 in	 group)	 Look.	 Come	 let	 us	 put	 it	 like	 this	 (takes	 over	 and	





















two	 substance	 there…you	 have	 mixed	 two	 constituents	 there…	 (teacher	 helping	 group)	
(indistinct)	
Ls	in	group:	(laughing)	














iron	 filings,	 ne	 [okay]?	 And	 the?	 Sulphur.	 Those	 are	 the	 only	 two	 things	 that	we	 have	mixed	
together,	okay?	
Ls:	Yes.	
T:	But	 	now	there	was	something	 in	that	mixture	which	was	moving	when	I	bring	 in	the?	The	
what?	 The	magnet.	 Then	 those	 iron	 filings	 they	 came..	 they	 come	 from…if	 you	 take	 ..	 do	 you	
know	the	 file	 ..	 the	 feel	 ..	 that	used	to	grind…say	umama	uyahlakula	 [the	mother	 is	hoeing	her	
fields].	She	is	hoeing	to	her	field	ne	[okay]?	(demonstrates)	And	that	say,	“Hey,	it	hit	hard	on	the	
stones	and	then	the	hoe	(pronounced	 ‘who’)	becomes….you	see	 .…..becomes	hurt	 I	would	 	say	
so,	becomes	hurt	and	unable	to	…	becomes	not	sharp	now.	Then	he	will	say	bring	me	the	what	
you	call	it,	ufeel	[file]	so	that		uthini	ndilole	 	[it	happens	I	sharpen	it].	To	sharpen	my	hoe…	and	













the	 sulphur.	 I	 want	 to	 …I	 don’t	 want	 to	 say	 what	 she	 is	 telling	 us	 is	 not	 what	 is	 …or	 is	






















T:	 Okay.	 I	 want	 each	 group	 to	 write	 down	 their	 observation.	 Tell	 me	 what	 happened	 if	 you	
wrapped	 this	magnet	 and	 then	 (demonstrating	with	 group	 in	 front)	 you	 put	 it	 close	 to	 your	










something	 that	 is	 falling	 away,	ne	 [okay]?	…That	 is	moving	 away	 but	 there	 is	 something	 that	
sticked	to	the	magnet.	Okay,	that’s	good.	Okay	I	want	you	to	take	this	piece	of	paper	and	write	
down	what	has	been	moved	away	there	..	what	has	been	moved	away	there,	because	if	you	can	






























































test	 out	when	we	used	 the	magnet,	what	were	we	 testing	 in	 these	 two	 things]?	What	 did	we	





















What	 does	 it	 mean	when	we	 say	 iron	 filings	 are	magnetic?	 Lanto	 ibisenzeka	 siyesathini	 [that	
thing	 that	 that	 happened	what	 did	 we	 say]?	 Iron	 filings	 are	magnetic.	 Mhmm?	 Ithethuk’thini	





























T:	 You	put	up	 ...	 no,	we	did	not	 use	 that	 name.	Asisebenzisanga	elogama	 [we	did	not	 use	 that	
word].	Eloqala	ngo	A	[it	starts	with	A].	Eqala	ngo	A	[it	starts	with	A].	(gesticulates	pulling	action	
























T:	 Ayiyiattracta	 [it	 does	 not	 attract	 it].	 So,	 okwakuattracta	 okwenzekayo	 kwisulphur	 [that	




















T:	 We	 had	 a	 table	 like	 this.	 (writes	 on	 the	 board)	 Sathi	 apha	 [we	 said	 here]	 we	 have	 a	
…appearance,	appearance.	Apha	sathi	[here	we	said]…sathi	[we	said]	magnetic	phaya	[there].	
Sathi	 le	 [we	 said	 this]	 table,	 what	 does	 this	 table	 show	 us	 about	 these	 two	 things?	 Iron	 and	
sulphur.	What	does	this	table	show	us	about	these	two	things?	Iron,	sulphur.	Isibonisa	ntoni	la	













T:	 Lo..lo..lo-grey	 colour	 ehh…	 siyayisebenzisa	 [that	 …that	 grey	 colour	 we	 use]	 to	 differentiate	
between	i-sulphur	and	what?		
Ls&	T:	And	iron		
T:	 Okanye	 [or]	 to	 identify.	 We	 use	 it	 to	 identify…	 	 i-sulphur,	 I	 mean	 i-iron	 kwintoni	 [iron	 in	



























T:	 So	 which	 means	 ithethe	 lonto	 okok’ba	 [that’ll	 mean]	 to	 separate	 i-mixtures,	 to	 separate	 I-
mixtures	we	should	look	at	the	what?...	At	the	properties,	iyavakala	[is	it	clear]?	
Ls:	Yees	
































































T:	 (to	Group	B)	Use	 this	one.	They	must	not	come	to	 the	ground	because	 it	 is	very	difficult	 to	
remove	iron	filings	from	the	ground.	(handing	them	a	magnet)	...	Do	it.	So	do	you	see…(laughs)	
huh?	...So	what	…what	do	you	see?	..	Huh?		
T:	(to	learner	in	Group	A)	Zwanele	uyakuzama	[you	will	try].	(Zwanele	stands	up)	
L:	The	iron	filings	they	are	too	fast	the	way	they	come	up	to	the	magnet.	
T:	They	come	very	fast	to	the	…to	the	magnet.	So	it	means	iron	filings	are?	
T&Ls:	Are	magnetic.		
T:	They	are	magnetic.	Is	sulphur	magnetic?	
Ls:	No.	
T:	So	sulphur	is	not	magnetic.	So	that	method	is	called,	magnetism.	(writing	on	board)	
3. Magnetism
T:	It	is	called…	
Ls:	Magnetism.	
T:	Mag	-	ne-	tism.	That	method	is	called	a	magnetism	method.	Okay.	Okay.	Thank	you...	Okaay..	
Okay.	
T:	Okay.	We	also..we	can	also	separate	mixtures	by	another	method.	We	can	separate	mixtures	
by	another	method	called	distillation	
